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with Stainless Steel Head 
Tube Assembly” ‘A 


CTS-400 Series 


Rugged stainless steel tip nut, head and tubes. 
Uses all standard Victor cutting tips. 


New high-capacity, cutting oxygen valve—over- 
ated over half million times without detection of 
wear. 

New oxygen and fuel control valves with ‘'O"' ring 


pressure seals—no outmoded packing, no take- 
ups, no adjustments needed. 


Test it ow your severest cutting job... see for 
yourself how fast it cuts, how cool it stays. 


Here's the torch you've been waiting for. Cuts long- 
er and faster than other torches without overheat- 
ing because mixer and mixer tube are made of high- 
heat resistant copper alloys—no danger of mixer Welding and Cutting Equipment Since 1910 
failures from overheating. Mixer itself is Victor's 


famous spiral mixer, designed to prevent backfire 
and flashback. for all gases up to 5000 psi. Machine 


Welding rods for all uses. Regulators 


and hand torches for welding, pre- 

The stainless steel head and tube assembly is a sin- heating, culling, fame hardening ond 

gle unit and can be replaced without buying a com- 

plete torch. Comes with either 90° or 75° head. , ’ 

Standard length is 21’; 27” or longer available on 
‘ 

special order. 


chines. Pneumatic filters and lubrica- 
tors. Kinmont power positioners. 
Fluxes. Write today for free descrip- 


Call your Victor dealer NOW .. . ask him to dem- tive literature. 
onstrate this new, stainless steel torch on your 
toughest cutting job. 


VICIOR EQUIPMEN] COMPANY 


3821 Santa Fe Ave. 844 Folsom Street 1312 W. Lake S?. 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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No moving parts, not even a fan 
No cable changing 


Dual Control 
REMOTE CONTROL 
Pre-Surge inhérent arc striking 


AC-DC reactor adjustment 
Class B insulation 
Power factor correction 


Magnetic line switch built in 


Thermal relay overload protection 
500 possible welding settings 

~ All parts firmly anchored in place 
On-and-off signal light 
Quiet and efficient 


let HOBART send you proof 


It will pay you to check into the 

. features of this new A.C. which 
A HOBART No matter whether you need light, me- : ca mean so much in faster, better weld- 
A.C. for every 2 
requirement dium, or heavy duty welding, you'll find ; 7 ing at lower costs. For all the facts, 

HOBART offers more for the money. : ’ use the coupon. 

A.C. welders of 180, 200, 300, 400 and 500 ampere : ’ 
capacity, as well as special Heliarc welders, are in- ; HOBART BROTHERS CO., BOX W4J-80 
cluded in the complete line. Each machine is designed ee | Troy, Ohio ‘‘one of the world's 
to out-perform all others of similar rating. You owe it largest builders of arc welders." 


to yourself to investigate. 
HOBART A.C. Stationary 


Elec. Drive C. Welding Ges Engine Drive D.C. Welder— A.C. Welder— Hobort Self-propelled 
D.C. Welder | Seeman D.C. Welder A.C. Power AC. Power Welder 

for HOBART BROTHERS CO., BOX WJ-80, TROY, OHIO 

transformer welders, the Hobart No. 447 FREE! 

is an all-position, mild steel electrode. Please send the facts about the NEW HOBART A.C. Transformer Welders [) Catalog showing 


It has a penetrating, easily directed arc of ___amp. capacity. Also information on other items checked HOBART A.C. and Sam 
and deposits unusually smooth, convex D.C. Welders 
welds of sound physical properties. Spat- Our work is 
ter loss is small, slag is easily removed. 
Try ‘em on your own work. Sizes 1/16” 

Y NAME POSITION 
through 1/4: Can also be used on D.C. 
FIRM 


ADDRESS___ — — 


Electrode Catalog [) Accessory Catalog 


4 more for your money in 
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| N th this rugged HOBART 
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For FRUEHAUF Trailers... 


MM" ELECTRODES and M & T a-c welders 

work together to provide economical 
welding in the production of Fruehauf 
trailers. High speed, specially designed 
Murex electrodes for joining light sections 
and sheet metal provide more feet of weld- 
ing per hour. Efficient M & T a-c transform- 
ers reduce idling current to a minimum; as- 
sure lower power costs. 


METAL & THERMIT CORPORATION Prominent fabricators of every type of 

100 EAST 42nd STREET + NEW YORK 17, N.Y. welded equipment, both heavy and light, 
Salaiette rely on Murex for highest welding quality 
Pittsburgh and welding economy. Let us show you 
Cleveland what Murex can do. As a starter, write today 
E. Chicago, Ind. fer a intive bulleti 
Minneapolis or descriptive bulletins on electrodes, ma- 
So. San Francisco chines, accessories, 
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Mallory 


Paddle Type Holder 


Makes Hard-To-Reach “Spots” 
Easy and Fast ! 


MALLORY 
RESISTANCE WELDING 
ELECTRODE HOLDERS 


Mallory research and development facilities are unique in the 
In addition to this new Paddle Type 
Holder. the Mallory line includes: 


K-O Holders 


Positive leak proot construction, 


resistance welding field... have given you, time after time, new, 


time-saving, production-building designs for tips, holders and dies, 


One such new development is the Mallory Paddle Type Holder 

. water cooled... easily adjustable in amount of offset, angle 
Greater water flow capacity of rotation, and with replaceable tips that can be used on either 
Full flow assured by rust-proof, cor- face of the holder. It is specially designed for heavy duty, high 


rosion-proot construction. 


Universal Offset Holder 


A light duty holder for “hard-to-reach” 


pressure service on those “hard-to-reach spots. ( tilizing a wide 
range of standard button-type tips, this holder speeds up opera- 


tions in a great variety of inaccessible places. 
spot welds under moderate pressures, 


The Bench Type Holder 


Offers complete versatility in adjust- 


That's service bevond the sale! 


Mallory’s resistance welding know-how is at your disposal. What 
Mallory has done for others can be done for you! 

ment, using standard packaged tips 
West Coast Office and Warehouse: 1338 So. Lorena St., Los Angeles 23, Ca 


Canada, madeand sald by Johnson Matthevand Mallory, Lot. sto 15, Ontaria 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 
i t 
P.R. MALLORY & CO. Inc. 


Controls Resistors 
Rectifiers Vibrators 
Special Power 
Switches Supplies 
Resistance Welding Materials 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Assured 
Quality 


The quality of any weld—its strength. ductility, grain structure, 
machinability, surface finish—depends largely on the rod used to 
make it. Only the best rods consistently give good welds of uniformly 
high quality. Only the best can help you to weld better and faster at 
lower cost... and help to make your job easier, too. 

There are two good reasons why Oxweip Welding Rods are the 
best that modern science knows how to make. First. their rigid speci- 
fications are carefully worked out in Linpe research laboratories, 
which are among the largest and best equipped in the world. Second, 
LINDE engineers at production points constantly cheek during manu- 
facture to see that the rods conform to these specifications, 

They inspect ingots and billets, sample heats for chemical analysis, 
make flame and weldability tests. weld and test coupons for strength 
and ductility. In short, every known precaution is taken to maintain 
a uniformly high standard. 

very Oxwetp Welding Rod that goes to market is of proved 
physical and chemical analysis... free from all objectionable proper- 
ties and impurities. The Oxwenp trade-mark is vour guarantee of 
quality and satisfaction. 

The terms “Oxweld.” “Prest-O-Weld.” and “Purox” are registered trade-marks 


of Union Carbide and Carbon Corporation. 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [Ti New York 17, N. Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


Aveust 1950 


These 5 Rods Handle a 
Complete Range of Welding 


OXWELD No. 1 H. T. Steel 

For all high-strength steel welding. 
Develops tensile strengths 11,000 Ib. per 
sq. in. higher than ordinary steel. 


AWELO NUMBER SEVEN 


OXWELD No. 7 Drawn Iron 

A remarkably ductile, copper-coated 
rod for all run-of-shop steel welding on 
materials up to %-inch thick. 


BRONTE 


OXWELD No. 25M Bronze 
A superior rod for all braze-welding, 
building up wearing surfaces, and fusion 
welding of copper alloys. 


OXWELD No. 23 Aluminum 


For all-purpose welding of aluminum 
and its alloys. Prevents weld cracking 
by absorbing cooling stresses. 


OXWELD No. 9 Cast Iron 


An ideal rod for fusion welding gray 
iron castings. Weld metal is fine-grained, 
soft, and easily machined. 


9 additional welding rods and 8 hard- 
facing rods for more specialized work. 
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Rewarding 


NI-ROD saves iron 
castings...makes 
machinable welds 


But for Ni-Rod electrodes, this pump body would 
have been scrapped at the foundry. The built-up 
area of the flange facing is almost indistinguish- 
able from the original cast iron. Machining, drill- 
ing and tapping of the Ni-Rod weld deposit were 
no more difficult then similar operations in cast iron. 


For welds you've never been able 
to make before . . . in high- 
phosphorus irons; heavy sections— 


NI-ROD “55” 


In the photograph above, you see a 
45-pound gray iron pump casing 
that was rejected because a small area 
of the flange failed to fill during 
pouring. 

Instead of being scrapped, the cast- 
ing was sent to the plant’s welding 
department. There, with Ni-Rod® 
electrodes, the defective flange was 
built up and the repaired casting was 
passed to the machine shop where it 
was finished like a regular production 
piece. 


Salvage operations like this with 
Ni-Rod save time and money. 


Ni-Rod gives fast, crack-free, non- 


porous welds that are a close color 
match for gray iron... and welds that 
are as machinable as the iron itself. 
Slag removal is easy. And Ni-Rod is 
stable-arcing in all positions with 
either AC or DC current. 


Another important Ni-Rod feature 
... preheating or post-heating is sel- 
dom necessary. 


Why not try Ni-Rod in your own 
shop . . . soon? Discover for yourself 
why 4 out of 5 shops re-order Ni-Rod, 
once they've tried it. 


Your nearest INCO distributor stocks 
Ni-Rod in 3/32”, 1/8”, 5/32”, and 
3 16” diameters. 


FREE — 8-page booklet: 
“NI-ROD ...a new electrode for any cast iron welding.” 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N.Y. 


OF SERVICE 


NI-ROD DISTRIBUTORS 


Alloy Metal Sales, Led. 
Robert W. Bartram, Led 
Eagle Metals Company 
Metal Goods Corporation 


Company 


Metal & Thermit Corporation 


J. M. Tull Metal & Supply 


Pacific Metals Company, Led. 
Steel Sales Corporation 


National Cylinder Gas Company Hollup Corporation 


Whitehead Meta! Products 
Company, Inc. 


Wilkinson Company, Ltd. 
Williams and Company 
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Determining Total Water Content in Electrode Coverings 


® An improved method for determining the total water content of 
mineral type coverings of shielded-metal arc-welding electrodes 


by C. T. Gayley and W. H. Wooding 


Abstract 


rhis paper presents a new and improved method for deter 
mining the total water content (hygroscopic and combined) of 
mineral type coverings of shielded-metal are-welding electrodes 
The method utilizes an analytical abse rption train in which the 
sweeping media passes successively through a purifying and 
drying train, a combustion tube mounted in a high-temperature 
furnace and finally through the absorption train. Using oxygen 
is 4 sweeping media, various turnace temperatures were investi 
gated to establish a satisfactory te mperature tor determining the 
total water content of several covering constituents and coverings 
of shielded-metal arc-welding electrodes. The results presented 


also confirm the reproducibility of the method described herein 


INTRODUCTION 


INCE the latter part of World War II, considerable 
effort has been expended to determine the source 
| and effect of hydrogen in shielded-metal-are weld- 
Much 


of this work may be briefly summarized as follows: 


ing of mild, low alloy and austenitic steels. 


1. Hydrogen is a contributing factor to the oceur- 
rence of cracks in the heat-affeeted zone and weld-metal 
deposits 1, 3, 5 

2. Shielded-metal are-welding electrodes producing 
are atmospheres of high-hydrogen content cause under- 
bead cracking.* 

3. The total hydrogen content of weld deposits is 
proportional to the total water content of the covering 


of mineral-covered shielded are-welding electrodes 


Much of this work has led to the development ot the 


well-known low-hydrogen type shielded are-welding 


C. T. Gayley is Supervisor 
intendent of Metals Branch, Industr Test Laborato 
Shipyard, Philadelphia, Pa 


Welding Section and W. H. Wooding ix S 
| 1 Philadelphia N 


This paper represents the personal opinions of the author 
reflects the official attitude of the I Nav Publist 
the Navy Department 
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electrodes now designated by the AMERICAN WELDING 
E-XX15 and E-XX16 


this type electrode is to reduce the hydrogen content of 


SOCIETY as The purpose of 


the covering by eliminating those ingredients con- 


sidered to be potential sources of hydrogen However, 
as indicated above, not only is it necessary to seleet 
coverings producing are atmospheres low in hydrogen 
but also, the water content of the covering should like- 
wise be controlled. 

Investigations conducted under the direction of the 
Industrial Test Laboratory of the Philadelphia Naval 
Shipyard indicated that the water content of heavy- 
coated welding electrode coverings was of considerable 
influence on the performance of such electrodes and the 
quality of the resulting weld deposits. It was further 
indicated that the hygroscopic water content and the 
combined water content were additive in their effect, 
implying that the total sum of both or the total water 
content of the covering was of major importance. In 
view of these observations, it was the opinion that the 
total 
determined if any relationship between moisture and 
Further- 


water content of electrode coverings must be 
electrode performance was to be established 
more, it appeared that a method for the determination 
of the total water content should utilize temperatures 
at which complete calcination of the covering ingre- 
dients would take place so as to insure complete libera- 


tion of all the combined water 


DEVELOPMENT OF METHOD 


\ method for the determination of the water content 
of solids by absorption is given in reference 6, pages 301 
to 3038 
train in which air washed by sulphuric acid and dried 


This method utilizes an air-swept absorption 


with magnesium perchlorate is passed over the sample 
located within the combustion tube of a suitable heating 
unit. The air after passing over the heated sample is 
filtered through magnesium perchlorate or other suit- 


The 


able absorbing agent for the removal of moisture 
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moisture content of the sample is determined by the 
increase in weight of the absorbing agent. Though the 
maximum temperature for satisfactory operation of the 
apparatus is not stated, it was not considered suitable 
for operation at temperatures required to calcinate ull 
constituents of electrode coverings. 

A second method, described in reference 3, pages 748 
to 759-s inclusive uses a similar train swept by a stream 
of pure nitrogen. The method was considered unsatis- 
factory because of the relatively low temperature used 
to ignite the sample and the use of pure nitrogen to 
sweep the train. 

An analytical train was set up at the Laboratory 
similar to that described in reference 6, except that 
pure oxygen was used to sweep the train. Water deter- 
minations in electrode coverings were first made at 
800° F. The temperature was then increased to 1000 
F. and then to 1200° F. The data obtained at these 
temperatures indicated a temperature still higher than 
1200° F. was required to remove all the water from 
electrode coverings. 

In order that a satisfactory furnace temperature 
might be determined, the covering from a commercial 
brand of lime Type 310 electrode was prepared in 
sufficient quantity to make twenty water determina- 
tions. The amount of water that could be expelled 
at 220° F. up to 2600° F. was determined. Samples 
were subjected to temperatures from 220 to 1200° F 


SEAL WEIGHED DEHYORITE ABSORPTION TUBES 


DEHYORITE ORYING TUBE 
( MAGNESIUM PERCHLORATE ) 


inclusive at increments of 100° F. and were held at 
temperature for 2hr. At temperatures above 1200° F., 
increments of 200° F. from 1200 to 2600° F. were used 
and samples were held at temperature for 1 hr. A 
separate one-gram portion of the covering material was 
taken for each determination. The amount of wate: 
given off by individual samples of sodium silicate 
(powder), magnesium silicate and aluminum silicate 
was also determined in the same manner and for the 
same series of temperatures. 

The results of water determinations made at various 
temperatures using samples of low-hydrogen lime-type 
covering, sodium silicate, magnesium silicate (asbestos 
and aluminum silicate are given in Table 1. These 
data are presented graphically by Fig. 3. 

During the use of the high temperatures, it was noted 
that a deposit collected in the glass wool plug over the 
dehydrite in the first absorption tube. A glass wool 
filter plug was therefore placed at the head of the ab- 
sorption train between the first absorption tube and 
the combustion tube. 

The revised apparatus consists essentially of the fol- 
lowing component parts: 


(a) A purifying and drying train using an ascarite 
tower, a gas Wash bottle containing 90°; concentrated 
sulphuric acid by volume and a U-tube filled with 
dehydrite (magnesium perchlorate). 


HIGH TEMPERATURE 
M°OANEL COMBUSTION 
TUBE 


COATING 


FURNACE 
IN CLAY BOAT 


GLASS WOOL 
€ 


Fig. | Schematic drawing of train for water determination 
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Fig. 2 Photograph of train for water determination 


Table 1—Water in Covering and Materials Determi 
Various Temperatures 


Temp Com- 
of mercial 
Deter- brand Sodium 
mination, covering, 
220 
300 
4100 
500 
600 
700 
S00 
900 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 


(b) A heating chamber consisting of a MeDanel 
high-temperature combustion tube (1 in. diameter by 
30 in. long) mounted in a Burrell Globar (high tempera- 
ture) furnace equipped with temperature indicating 
instruments and controls 

(c) An absorption train made up using a glass wool 
filter, two U-tubes containing dehydrite and a gas 
wash bottle containing concentrated sulphuric acid. A 


schematic sketch showing the arrangement of the ap- 


paratus is presented as Fig. 1. A photograph showing 


the apparatus as used at the Industrial Test Laboratory 


is presented as Fig. 2 


In operation, the train is swept by a stream of pure 
oxygen which passes over the sample of covering con- 
tained in a Johnson Clay Boat (approximately ° j¢ x 
13 46 x 4'/, in. which has been heated to 2400° F. The 


water driven from the sample is collected in the absorp- 
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tion train and the quantity is determined by the increase 
in weight of the dehydrite at the absorption end of the 
train 

The following analysis procedure was developed for 


use with the above described apparatus: 


(a) Preparation of Sample: The sample of covering 
is quickly removed from the electrode by bending or 
hammering. The chips are immediately transferred 
toa vial and sealed with a rubber stopper until ready to 
use 

b) Ignition of Combustion Tube and Clay Boat: 
Before the train is used for analysis, the water content 
of the combustion tube and clay boat must be driven 
off. This is accomplished by placing the boat in the 
center of the combustion tube, assembling the train, 
sweeping with oxygen at a rate of 200-225 ml. per 
minute and bringing the combustion tube to a tempera- 
ture of 2400° F. in a heating period of not less than 2 hr. 
Hold at temperature (2400° F.) for 2 hi \t the end of 
the 4-hr. heating eycle place the weighed dehydrite 
U-tubes in the absorption end of train and continue 
operation at 2400° F. for 1 hi 


in desiccator for twenty minutes after which determine 


femove U-tubes, place 


gain in weight \ weight gain not in excess of 0.0015 
gm. is considered a satisfactory blank determination, 
indicating the train to be ready for use. Otherwise the 
ignition should be continued until a satisfactory blank 
determination is obtained When satisfactory the 
ignited boat is removed from the combustion tube, 
cooled in air to about 350° F., placed in a desiccator and 
cooled to room temperature. The combustion tube is 
closed and maintained at 2400° Ff 

c) Determination of Water Content of a Sample: 
The combustion tube and boat having been satisfac- 
torily ignited, the boat cooled, the furnace operating 
uninterrupted at 2400° F., the oxygen flowing and the 
tared dehydrite absorption tubes in place, the appara- 
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silicate silicate, 
0.35 0.39 
0.44 0.44 
0 48 0.57 
0 62 0.53 
0 66 0.60 
074 0.99 
0.79 2. 26 
0.79 8.45 
0 82 11 64 
2.21 12.86 
2.20 13.11 
3.50 13.13 
5.06 13.038 
5.06 13.09 
5.05 13.21 
5.05 13.32 oe 
5.01 13.36 
| 
id 
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tus is ready for use. Quickly weigh a one- to two-gram 
sample of electrode covering (large chip or chips), rapidly 
transfer to ignited and cooled clay boat, immediately 
place in combustion tube and close train. Operate for 
| hr. at temperature (2400° F.). At end of cycle, re- 
move absorption tubes, determine gain in weight and 
calculate per cent of water removed from sample at 
2400° F. 


PROOF OF METHOD AND RESULTS OBTAINED 


Using the apparatus and procedure described, the 
following tests were conducted to determine the ac- 
curacy of the method and the reproducibility of the re- 
sults obtained at 2400° F. 

(a) After twenty water determinations were made 
on commercial mineral type E7015 electrode covering 
samples at 2400° F., the glass wool filter, the glass wool 
plug in the U-tube over the dehydrite and the dehydrite 
in the tube were analyzed spectrographically to deter- 
mine what materials were being filtered or absorbed. 
' Fluorine also was determined in the fresh and spent 
_ dehydrite by the usual chemical method. The analysis 
_ of the filter plug indicated the retention of small amounts 
of chromium, molybdenum, titanium and potassium. 


In what form the above elements appeared was not 
determined. None of these elements was detected in 
the glass wool over the dehydrite indicating a complete 
filtering of Solid matter by the glass wool filter plug. 
Analysis of both fresh and “spent” dehydrite did indi- 
cate that there was a small absorption of fluorine by the 
dehydrite. A calculation based on twenty water deter- 
minations indicated the absorption of fluorine to be 
about 0.0006 gm. for each l-gm. sample. It is con- 
sidered that a small amount of the fluoride in the coating 
sample is hydrolized after the sample has reached a 
higher temperature and after it has lost a greater part 
of the water. The fluoride thus generated is absorbed 
by the dehydrite and weighed as water. For mineral! 
type coverings containing 20 to 35% of fluorides, this 
error is believed to be constant and may be subtracted 
from the water determined for such electrode coverings 
if desired. However, for the results recorded herein, no 
correction was made for this error. 

(b) The accuracy of the method was determined by 
placing 1-gm. samples of aluminum silicate in a tared 
platinum boat and heating in the combustion tube to 
2400° F. The water and carbon dioxide given off by 
the samples were absorbed by dehydrite and ascarite, 


respectively, and weighed. The loss of weight of the 
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Fig. 3 Water in covering and materials determined at various temperatures 


Cayley, Wooding-——Electrode Water Content 


THe WELDING JouRNAL 


- -- ~ = _| so 

| | | | | | | (|_| 

4 

280 400 ‘00 i200 100 2000 2400 del 


samples on being subjected to temperature was deter- 
mined by weighing before and after heating. The re- 
sults for comparison of the water in aluminum silicate 
determined by loss on heating and by absorption in 
dehydrite are given in Table 2. 


Table 2—The Results for Comparison of Water Determined 
at 2400° F. by Ignition and by Absorption 


No. of COz by Water by 

the Loss on absorp- Water by absorp- 

deter mina- ignition, tion, ignition, tion, 

l 13.12 0.12 13.00 13.04 

2 13.13 0.10 13.03 13.03 

3 12.90 0.16 12.7 13.04 

4 12.93 0.15 12.7! 13.12 

5 13.07 0.10 12.97 13.02 

6 13.07 0.07 13.00 12.97 

7 13.09 0.16 12.93 13.08 

8 13.10 0.12 12.98 13.11 

9 13.03 0.19 12.84 13.02 

10 13.02 0.09 12.93 13.00 


(ce) The reproducibility of the results obtained was 


determined using ten specimens each of a sample of 
low-hydrogen lime-type covering and of low-hydrogen 
titania-type covering. The water content of these 
specimens was determined at 2400° F. The results of 
test to determine the reproducibility of the method are 


given in Table 3. 


Table 3—Reproducibility of the Method at 2400° F. 


Commercial 


Commercial 


lime titania 
No. of the ferritic ferritic 
determination covering covering 

l 1.36 1.3 

2 1.42 1.29 

3 1.39 1.35 

4 1.42 1 26 

5 L.41 1.28 

6 1.31 1.29 

7 1.35 1.31 

8 1.36 1.39 

9 141 1.35 

10 1.38 1.31 


DISCUSSION 


rhe results given in Table 1 indicate that when held 
| hr. at temperature, a major portion of the water con- 
tent of the various samples was removed at 1800° F 
However, at 2400° F. the results indicate that the maxi- 
mum water content has been removed and that any in- 
crease in water content noted with increase in tempera- 
ture beyond 2400° F. 
range of experimental error. Therefore, it is considered 


would probably be within the 


that 2400° F. is a satisfactory furnace temperature for 
the heating of covering samples in determining the total 
water content by the absorption method. 

The results given in Table 2 indicate good agreement 
between water determined by loss of weight on heating 
The differences 


observed between determinations of water content by 


and water determined by absorption. 


absorption for the various determinations are of smaller 
magnitude than those observed for the determination 
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by heating. These data are considered to substantiate 
the accuracy of the method for determining water con- 
tent at 2400° F. by absorption. The data given in 
Table 3 indicate that upon repetition of a determina- 
tion reproducible results may be expected. 

In the preliminary investigation of the method for 
determining water at 2400° F. as given above, it was 
noted that blank determinations were erratic. There- 
fore, experiments were conducted to determine the 
sources of error in blank determinations 


(a) Residual Water in Oxygen—The U-tube con- 
taining dehydrite at the purifying end of the train was 
tared, replaced and a stream of oxygen of about 200 
ml. per minute was passed for 7 hr. The tared tube 
was then removed and weighed. The procedure was 
repeated. The results of the test were as follows: 
0.0032 gm. 
0.0065 gm. 


Loss in weight by dehydrite for 7 hr 
Loss in weight by dehydrite for 14 hr.. 


The above loss in weight by the dehydrite indicates that 
the residual water content of the stream of oxygen, after 
passing through the concentrated sulphuric acid was 
sufficiently low to have a drying effect upon the desic- 
cant in the “‘U” tubes. In order to correct this unbal- 
ance of the system, the concentrated sulphuric acid in 
the wash tower was replaced with a 90°% sulphuric acid 
solution by volume (90-ml. concentrated sulphuric acid 
and 10-ml. distilled water). The above test procedure 
was then repeated with the fellowing results: 


0.0012 gm. 
0.0022 gm. 


Gain in weight by dehydrite for 8 hr 
Gain in weight by dehydrite for 14 hi 


Since under the above conditions a slight positive gain 
in weight by the dehydrite at the purifying end of the 

ain is indicated, it is considered that the residual water 
in the oxygen when entering the combustion tube is in 
equilibrium with the dehydrite at the absorption end 
and will remain substantially so for many determina- 
tions. Therefore a 90% by volume solution of sulphuric 
acid is used in the gas wash bottles at the purifying end 
of the train 

(b) Water in Combustion Tube—Two new McDanel 
High-Temperature Combustion Tubes were placed in 
With the 
absorption tubes tared and oxygen flowing, the furnace 
was brought to 2400° F. in 2 hr. and the water given off 


the furnace and connected into the train 


by the tubes determined at the end of 2, 3, 4 and 5 hrs. 
The amounts of water given off by the combustion 
tubes being heated for the stated time intervals were as 


follows 


Ist 3rd hth Sth 

2 Hrs Hr., Hr., Hr., 

gm gm qm gm 
lube 1 0.0156 0. 0065 0.0046 0 0021 
lube 2 0 0083 0.0032 0.0037 0.0018 


The tubes were held at 1260° F. overnight and in the 
Water given off at 
the end of the next hour, and the hour following, was 


morning raised to 2400° F. in 1 hr 


determined as follows: 
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Ist Hr., 2nd Hr., 
gm. gm 
0.0044 0 0022 
0.0028 0.0017 


Water from Tube 1 
Water from Tube 2 


The tubes were again held at 1260° F. overnight, 
brought to 2400° F. in 1 hr. and the water given off by 
the tubes determined for the heating and holding period 
of 2 hrs., and for each of the next 2 hrs. as follows: 


Ist 2 Hrs., 8rd Hr., jth Hr., 
gm. gm. gm. 
0.0047 0.0017 0.0012 
0.0058 0.0010 0.0015 


Water from Tube 1 
Water from Tube 2 
The above results indicate the following: 

1. That the water content of the tubes is not the 
same when taken from storage. 

2. That the tubes absorb moisture when standing 
below operating temperature, and that the moisture 
penetrates the walls of the tubes. 

3. That in order to obtain blanks in the neighbor- 
hood of 0.0015 gm. in a run of 1 hr. the tubes must be 
brought to 2400° F. and held 2 hr. before a determina- 
It is tentatively assumed that this time is 
required for the heat to move out along the combustion 


tion is made. 


tube toward the ends and approach a stationary posi- 
tion. Tubes with a lower blank would be desirable. 
Other combustion tubes tried to date have not been 
found satisfactory for operation at 2400° F. because of 
softening or of a slagging or fluxing action between the 
glaze and clay boats. 
(c) Water in Combustion Boats—After a I-hr. blank 
of about 0.0015 gm. was obtained for the combustion 
tubes, the water liberated by two types of combustion 
boats was determined by placing the boats in the fur- 
nace when at 2400° F. and determining “blanks” for 
the first. second and third hour. The results were as 
follows 
Ist Hr., 2nd Hr., ind Hr, 


gm. qm. qm 
0 0184 0 0056 0 0018 
0 0142 0.0055 00008 
0 0.0034 0 0002 
0 O151 0 0035 0000 


Leco Boat | 
Leco Boat 2 
Johnson Boat 1 
Johnson Boat 2 
Again the above data indicate that tubes and boats 
must be brought to 2490° F. and held for 2 hr. before a 
Further, after the 
Johnson boats are ignited, they do not add to the 
blank. It has also been found that after 3 hrs. at 
temperature, a blank determination is very low or sub- 
stantially nil. Therefore a minimum period of 3 hrs. at 
temperature before running a blank should be used 
where extreme accuracy is required. 

Glass Wool Filter Plug—The glass wool filter 
plug in the train, immediately following the combustion 


water determination is made. 


tube, was found necessary to filter out entrained solid 
particles. At a temperature of 2400° F. considerable 
volatilization and sublimation of material in the coat- 
ing sample occurs. Most of this material is deposited 
on the walls of the cool delivery end of the combustion 
tube; but some is filtered out by the glass wool. This 
is readily evident by a visible deposit on the glass wool 
after a number of determinations have been made 
The plug should be renewed periodically. 
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(e) Lubricant for U-tube Stop Cocks—During the 
initial stages of the investigation, petroleum jelly was 
used to lubricate the U-tube stop cocks and the opera- 
tion of the apparatus proved satisfactory in so far as 
However, at 
some later time, a silicone lubricating grease was 
unsuspectingly substituted for this purpose. Unsatis- 
factory functioning of the apparatus was immediately 


blank determinations were concerned. 


observed in that erratic negative blank determinations 
were consistently obtained. After thoroughly checking 
the apparatus without success, it was decided to remove 
the silicone lubricating grease and return to the use of 
petroleum jelly. With this change in lubricant, the 
malfunctioning of the apparatus was corrected in that 
satisfactory blank determinations were again obtained. 


In establishing the method presented herein, con 
sideration was given to the use of gases other than oxy- 
gen for sweeping the absorption train. As previously 
indicated, other investigators had used both air and 
nitrogen for this purpose. Since the operating tempera- 
ture of the train was set at 2400° F. and in view of the 
ferro alloys and metals contained in mineral type coat- 
ings, it was the opinion that the presence of such con- 
stituents in coating samples subject to this high 
temperature would cause the decomposition of any 
water liberated, forming metal oxides and free hydrogen. 
If the total water content of such samples was to be 
determined with any degree of accuracy, it was con- 
sidered necessary to avoid any such reaction occurring 
within the train. Consequently, oxygen was selected 
as a suitable gas for sweeping the train since its presence 
in excess at this high temperature would cause complete 
reoxidation of any hydrogen liberated which would 
insure complete recovery of the total water content of 
the sample. 

The use of large chips of sample coating over pul- 
verizing the sample is considered the better practice 
since in either case the sample is reduced to a pasty 
mass at 2400° F. 
ture while pulverizing and some of the sample may be 


Further, the sample may lose mois- 


attracted from the boat by a static charge on the com- 
bustion tube due to removing the stopper from the 
charging end. 

It is the opinion that the method described herein 
will prove satisfactory for the determination of the total 
water content of electrode coverings provided the same 
precautions are observed as are required in the opera 
tion of any chemical analytical absorption train. 

The method presented herein for determining the 
total water content of mineral-type electrode coverings 
is not considered applicable for any covering containing 
organic matter. Organic matter subjected to a 
temperature of 2400° F. would rapidly decompose and 
liberate, among other gases, free hydrogen. Since the 
method provides for the reoxidization of free hydrogen 
to water, the presence of such gas liberated by the de- 
composition of organic matter would cause serious 
error by indicating water contents far in excess of those 
actually existing in the covering. The use of an inert 
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gas to sweep the absorption train would overcome the 
reoxidization of the liberated hydrogen from the or- 
ganic material. However, it would not prevent the 
decomposition of the liberated water by the ferro alloys 
and consequently introduce considerable error as a re- 
sult of this reaction. 

The results of tests presented in Fig. 3 are of interest 
in that they indicate a use of the method in determining 
the amount of water that may be liberated at various 
temperatures, for several silicates. Should a low hy- 
drogen all-mineral type covered electrode containing 
only sodium silicate be baked for 2 hrs. at 900° F., the 
data indicate that all but a very small portion of the 
water content of the silicate would be removed 
Whereas, if either aluminum silicate or magnesium sili- 
cate is present, this baking practice would remove but a 
small portion of the water content of such constituents 
Therefore, it would appear that the use of aluminum 
silicate or magnesium silicate in electrode coverings is 
to be avoided when a low-water content in the covering 
is desired, without subjecting the electrodes to exces- 
sively high baking temperatures 

\n interesting application of the method has been the 
study of the water absorption characteristics of various 
electrode coverings of the same general type. Several! 
different lots of electrodes of the low hydrogen (E7015 
type were baked at 900° F. for 2 hrs. so as to reduce 
their moisture content to a minimum. These lots ot 
electrodes were then openly exposed to a humidified 
atmosphere at 90° F. and 95° relative humidity 
Prior to exposure and at intervals throughout the 
period, sample electrodes were taken from each lot and 
the individual coverings analyzed for water content at 


2400° F. The results of this study are given in Table 4 


Table 4—Moisture Absorption Characteristics of Electrode 


Coverings (Low-Hydrogen Type) 


Length of 
er posure 


to 90 nt moisture absorbed 


After 576 hr 2.96 2.39 5 41 2.91 


The above results indicate that various coverings of 


the same type differ widely in their rate of water absorp- 


tion on exposure to 95% relative humidity at 90° F. 
Not only does the maximum water content absorbed 
differ for extended periods but also the rates of absorp- 
tion for the initial stages of exposure likewise differ. 
Covering D appears to become less hygroscopic on ex- 
tended periods of exposure. ‘This may be due to some 
chemical reaction following the baking and subsequent 
humidifying or may be due to the slow jelling of the 
silicate binder. 


CONCLUSIONS 


(a) The method presented herein should prove satis- 
factory for determining the total water content (hygro- 
scopie and combined) of mineral type coverings of elec- 
tric are-welding electrodes 

(b) A furnace temperature of 2400° F. will assure 
the liberation of combined water content of electrode 
coverings 

(c) Using the method prescribed herein, the ac- 
curacy and reproducibility of determinations obtained 
are within the range of error acceptable for general 
chemical analytical procedure 

(?) The method is also considered suitable for 
determining the content of water of crystallization of 
various metallic salts and other inorganic compounds 
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and stories. 


by John B. Ross 


VER increasing industrial demands for raw products 
keeps our great carrier system active and growing. 
Marine carriers, both cargo and oil, crisscross the 
seven seas. The Big-Inch Pipe Lines, carrying 

fuel oil and gases, are a boon to the great industrial 
areas of our nation. 

The phenomenon of underground pipe carriers is no 
longer a novelty. In this great city, we live and work 
using water, oil and gas brought by the pipe carriers 
from hundreds of miles away. The spectacular welding 
of the pipe lines has been glamorized through pictures 
Today only those men long associated 


with the metal-joining industry can remember the 
_ heartaches of the early-day welding pioneer. 


Archeologists tell us that approximately five thou- 


sand years ago, a civilization existed in Egypt that used 


_ pipe systems for conveying water. 


Museum fragments 


‘are on exhibit showing stones that were drilled and 


“joined together to form a pipe line. 


joined by brazing. 


Of even more inter- 
est are the copper sheets that were formed into pipes 
The early man had discovered 


‘the process of silver brazing. 


Today, the modern buildings, both industrial and 
residential, are improved in construction by the art of 
silver brazing. Water, gas, and fuel lines, both of 
copper and steel, are joined together with low-tempera- 
ture silver-brazing alloys and the oxyacetylene torch 
equipment. Let us not forget that this also covers the 
refrigeration and air-conditioning piping so necessary 
in the buildings of today. 

In the early thirties mechanical refrigeration was 
gaining a toe-hold. The passing of the block of ice had 
begun. That which helped push the electric ice box into 
the homes of today was the adoption of silver-alloy 
brazing for joining the copper lines carrying the refrig- 
erant gases 

Constant vibration, corrosion, and temperature prob- 
lems were licked. Today the slick-looking mechani- 
cal refrigeration box, both commercial and domestic, 
contain many joints that have been brazed with silver 
Jobn B. Ross is with Handy and Harman, Los Angeles, Calif 
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he Silver-Brazed Pipe Line 


® The silver-brazed joint of the sleeve type offers advan- 
tages that have been recognized and used extensively 


Brazing Pipe Lines 


alloys and the oxyacetylene torch. With brazing tem- 
peratures ranging from 1145 to 1300° F., the heat range 
on copper was good. Although this temperature is 
in the annealing zone, localized heat in the joint area 
was found not to be objectionable. 

Early tubular and pipe joints were of the swedge 
type. After annealing, one pipe end was enlarged by 
sizing large enough for the opposing pipe to slip into the 
other, with a clearance of approximately three to five 
thousandths of an inch on the diameter. Later, the 
sweat-type fitting was introduced. With the tailor- 
made pipe connection, better time and workmanship 
encouraged the process of silver brazing. The thread- 
less pipe fitting was now firmly established. 

The introduction of the nominal-sized copper pipe 
with the cast and wrought fittings brought immediate 
relief in the replacement of old steel and iron pipe lines. 
The nominal-sized pipe was frequently snaked through 
the old lines and replaced a water or steam service 
with minimum interruption. 

The heavy wartime demands for cargo and ships of 
war accelerated the development of the silver-brazed 


Fig. 1 


Stainless-steel silver-brazsed assembly—food proc- 
essing plant 
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pipe joint. The problem of resisting corrosion, vibra- 
tion and temperature flexibility, were met by materials 
and torch operators. The successful completion of a 
tremendous shipbuilding program attests also to the 
success of the many silver-brazed joints on all nonferrous 
piping. 

During this era, the bronze pipe fitting with the ring 
of silver-brazing alloy inserted was developed and used 
extensively. The technique of silver brazing was ex- 
posed during this period of shipbuilding to many men 
and women. Schools sponsored by the Navy estab- 
lished educational courses in silver brazing and ap- 
proximately 25 hr. of highly specialized training was 
given to each student. 

The trainee learned the operation of the oxyacetylene 
torch and the five fundamentals of silver brazing consist- 
ing of: 

1. Correct fit of pipe joints 

Cleaning of metal 

Fluxing of joints 

Holding of parts during brazing operation 
Proper torch heating 


Fig. 2. Silver brazing malleable fittings to steel pipe 


Wartime experience in training shipyard personnel has 
enabled instructors in silver brazing to streamline their 
courses. Many on-the-job operators for  pipe-line 
installations have acquired fundamental techniques in 
several hours, speed of operation and skill developing 
with work progress. 

Since most manufacturers are standard in the inside 
diameter of their fittings, the operator concerns himself 
mostly with the preparation of pipe and fittings, prior 
to brazing, removing any oil or scale and applying paste 
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Fig. 3 Production run refrigeration coil. Silver-brazing 
alloy preplaced 


type flux to both parts. When pipe and fittings are 
positioned, the oxyacetylene torch, with suitable flame 
to heat rapidly the area to be brazed, is brought into 
position. 

3efore introducing the silver-brazing alloy, the tem- 
perature of the pipe and fitting in the brazing area will 
be controlled largely by the condition of the flux. If 
the flux is of certain types it will become translucent in 


appearance and active at 1100° F., thus indicating to the 


torch operator that the pipe and fitting are approaching 
the critical heat zone. With this technic it is seldom 
that the operator over-heats the joint area. 

Capillary force will spread evenly the silver-brazing 
alloy into the joint areas. Experience will indicate 
to the brazer when joint area is filled with the silver 
alloy. Very small fillets forming on the outside is 
indicative of the completed joint. Removal of residual 
flux with a wet cloth or water spray completes the oper- 
ation 

Stainless-steel piping installations are today a must 
in many food processing factories. ‘The modern dairy 
and creamery is a maze of piping handling both the 


Fig. 4 Silver brazing large-size copper pipe longitudinal 
seams. Shipbuilding application 
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volving over 150,000 '/.- to 4-in. nominal sized copper 


Bei. Preassembly silver-brazing line for housing project 
fittings 


milk products and the cooling refrigerants so vital to 
their operations. The citrus industry also uses stain- 
less steel extensively. The corrosive nature of the 
Gitric acids has created for stainless-steel piping a defi- 
Rite place as a carrier for citrus fruit juices. 

Since stainless-steel piping installations are today 
@ssential in many food handling factories, it was natural 
that the sleeve-type fittings were also made available 
for joining stainless-steel pipe. The silver-brazing 
technique on stainless is fundamentally similar to the 
brazing technique on copper lines. 

Radiant heating installations the past several vears 
have increased tremendously. The copper and steel 

ipes imbedded in concrete floor, plaster walls and ceil- 
= are being joined together with silver brazing. 
With steam and hot water circulating, corrosion-free 
joints are a requisite in these installations. 

Pipe-size malleable iron fittings designed for silver 


Fig. 6 Silver brazing on »-in. copper-nickel pipe unit— 
part of brine refrigeration system 
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brazing are now in use. These fittings have been 
developed for joining of iron and steel pipe and offer 
a greater range in silver-brazed pipe systems. 

Many of the great arenas used for public gatherings 
have ice skating facilities. Like New York’s famous 
Madison Square Garden, rodeos, prize fights, conven- 
tions, hockey games and ice skating extravaganzas are 
performed on steel piping joined together with wrought- 
iron fittings imbedded in several inches of concrete 

This method of heating and cooling is not new 
The early Roman is credited with first employing the 
principles of radiant heat for home use. Excavations 
show that Romans were familiar with it by use of 
masonry ducts beneath floors and within walls. World 
War IT uncovered Roman ruins in England having pipes 
imbedded in the walls and floors. 


Fig. 7 Bronze-fitting silver brazed to live 2-in. copper gas 
main 


The chemical industry is constantly on the alert for 


pipe carriers to resist the corrosive attacks of alkalis 


and many of the acids. The silver-brazed joint of the 
sleeve type offers advantages that have been recognized 
and used extensively. Although some acids may attack 
the silver-brazing alloy, it has been observed that often 
the small amount of alloy in the joint area is subject 
to a very slow corrosion attack which can frequently be 
calculated to last the life of the pipe. 

With an accelerated hospital-building program at 
hand, many large buildings for this purpose are under 
construction. The piping system is complex and in- 
volves heating, water and fuel carriers. In addition 
an essential for the hospital of today is the oxygen- 
pipe system feeding out from a central manifold point 
to all of the hospital wards. 

The modern oil refinery which is closely related to the 
chemical industry is a confusing assembling of piping 
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and valves. Many of the copper lines are joined to- 
gether with silver brazing. The sweat-type fittings 
joining the copper tubing are permanent installations 
and give to the piping engineer: 

High-strength joint 

Ductile joint 

Versatility (joining dissimilar metals 

Corrosion resistance 

Fast, easy application 


Building codes in many of the states and munici- 
palities now include silver-alloy brazing for joining of 
ferrous and nonferrous piping. This reflects creditably 
on the foresight of Navy engineers before the war, who 
made silver brazing mandatory for all nonferrous piping 
on Navy vessels 

The smooth-bore and streamlined feature of the silver- 
brazed pipe carrier is a corrosion resistant, vibration 
proof and leak-tight pipe line 


onstruction and Maintenance of Pipe Lines 


» Early historical development of gas for industrial and home use and 


the important part played by welding in this development. 


Vodern 


methods used in the construction and maintenance of pipe lines 


by R. D. Smith 


HE progress of modern pipe-line construction is 
linked very closely with the advancement in weld- 
ing, metallurgy and the economical fabrication of 
large diameter pipe. 

This great continent of ours has been literally covered 
with underground pipe-line systems which transport 
water, manufactured and natural gases, and oil and 
gasoline from sources of supply or manufacturing plants 
to millions of consumers. 


ANCIENT PIPING SYSTEMS 


Pipe-line transportation is not new; some kind of 
pipe lines have been utilized since the dawn of history 
and while it seems reasonable to assume that in antiq- 
uity they were employed primarily to conduct water, 
the ancient Chinese, perhaps two thousand vears ago, 
are said to have discovered natural gas and utilized it 
for the evaporation of water to obtain salt, piping it 
from the sources to kettles or trays through pipes made 
of bamboo. 

The early Romans employed complete plumbing 
systems. For instance, they conducted water into their 
houses or meeting halls through stone pipe lines or open 
stone viaducts. To heat the houses, they built fires in 
cellar-like structures beneath the main floor. By doing 
so, they initiated what later has become our modern 
radiating heating systems and by conducting the water 
across the heated stones, they achieved warm water for 
the beautiful Roman baths 
R. D. Smith is Asst. Engineer 
Electric Co., San Francisco, Cali 


Presented at the Annua 
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EARLY USE OF GAS 


History is replete with misconceptions and beliefs en- 
tertained by the ancients concerning natural gas, and 
even after the discovery of artificial gas by John van 
Helmont in 1609, superstition surrounding this phenom- 
enon hampered its development. It was not until 
1792 that William Murdock, an Englishman, found 
that “gas,” as it has been named by van Helmont, ob- 
tained from the distillation of coal, peat, wood and 
other inflammable substances burned with great brilli- 
ance when lighted. Intrigued by this development and 
continuing his investigations he conducted gasforashort 
distance through tinned iron pipe and copper tubes to 
light his house and grounds at Redruth in Cornwall 

\ German, Frederick Winsor, learning of experiments 
being carried on in France and England, went to London 
and was the first to advocate the distribution of gas 
from a central source He proposed the formation of a 
company tor “enlightening the inhabitants of London” 
and met with stern opposition from the superstitious 

Despite the obstacles ol Superstitlol and adverse 
public criticism, he persisted in his efforts to sell gas to 
the public of London. He obtained the first English 
patent for gas-making purposes and, somehow, man- 
aged to raise the necessary financial backing to lay 
leaden pipe in the Pall Mall. By 1807 the Pall Mall was 
lighted with gas 

Winsor and his backers finally obtained a Royal 
Charter in IS12 and the London Westminste! Gas, 
Light and Coke Co. came into existence as the first gas 
company in the world 

In 1816 the first gas company was incorporated in the 
United States at Baltimore, Md., and the City of New 
York first received gas in 1823 


scribers on the basis of gas lighting the house during 


It was sold to the sub- 
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specified hours from sunset to night. If the occupant 
of the house permitted the gas lights to burn beyond 
the agreed-to evening hour, the so-called “gas inspec- 
tor” would walk by the house, pound the pavement 
with a wooden club, and call out loudly—“Gas Lights 
Out.” If the occupant failed to obey, the gas inspector 
simply turned off the gas. 

It might be of some interest to you gentlemen to have 
me tell you that the first gas company on the Pacific 
Coast was established on August 31, 1852, in San 
Francisco, It was called the San Francisco Gas Co. and 
was the first of a long line of gas, electric and water com- 
panies which eventually joined to form the Pacific Gas 
and Electric Company’s system, presently serving gas 
and electricity to approximately two and one-quarter 
million customers in 46 California counties, with an es- 
timated population of over 5,000,000. 

In the very early days of the manufactured gas in- 
dustry, lead and wood pipes were used to distribute gas, 
and the pressures were necessarily quite low. Meters, 
regulators, valves and appliances had not been de- 
veloped. The crying need of the day was for light, and 
Dumerous small companies came into existence serving 
Small, and sometimes overlapping areas, with the re- 
sult that competition was keen and ruinous. 

With the invention of the Bunsen Blue-Flame Burner 
in 1855, it became possible to burn gas economically 
With an intensely hot, but smokeless flame. This de- 
Velopment increased the field for the utilization of gas 
tremendously and with the continued development of 
Appliances, it became apparent that reaching farther 
and farther from the source through distribution mains 
would effect further economies. 

In the latter part of the 19th century, the develop- 
ment of natural gas wells and the use of screwed-joint, 
wrought-iron pipe for the high-pressure transmission 
of natural gas pointed the way for ribbing low-pressure 
distribution systems which were used by the manufac- 
tured gas companies at that time. Bell-and-spigot 
joint cast-iron pipe, the joints being caulked with yarn 
and lead, the “Dresser” type gasketed joint, and the 
Screwed joint all contributed to more economical dis- 
tribution of gas and the concentration of manufacturing 
plants. However, they all had their limitations and it 
was not until the birth of the welding industry, shortly 
after 1900, that a real tool was placed in the hands of 
the gas man and others which eventually was to make 
possible the vast pipe-line system now blanketing the 
country which I mentioned earlier. 

I am told that out here on the Pacific Coast welding, 
and perhaps particularly, gas welding, in those days re- 
ceived a tremendous impetus. The Pacific Coast was 
rather far removed from the center of replacement 
parts and this resulted in rather unorthodox, but highly 
successful ventures with the flame-cutting and welding 
torches. Many days, and frequently weeks, had to 
elapse before broken machinery parts could be replaced 
and in the interim it seemed certainly prudent to make 
an effort to repair the old part by welding or brazing it. 
When it succeeded, it taught how much more could be 


640 Smith—Pipe Lines 


done with welding processes and the gas man was quick 
to accept a process and use it for joining gas pipes for 
high-pressure distribution mains. 

By 1915 numerous high-pressure steel-welded gas 
mains were in service and a complete steel-welded sys- 
tem was designed and installed for San Francisco's 
Panama-Pacific Exposition. 

The consolidation of companies in the interest of 
economy, the establishment of public regulatory bodies 
to fix rates, and the elimination of ruinous competition, 
previously experienced in the gas industry, wherein two 
or more facilities would be installed to provide services 
to the same premises, and the gradual linking of town 
after town together with high-pressure transmission 
mains supplied from large central gas manufacturing 
plants all contributed to the prosperity of the gas in- 
dustry, through the early 1920's. 


MODERN PIPING SYSTEMS 


By this time, large diameter welded pipe and com- 
pressor equipment manufacturers, together with weld- 
ing industry had provided the necessary techniques, 
materials and equipment for the economical transporta- 
tion of large volumes of gas over long distances. With 
electricity and oil becoming increasingly formidable 
competitors, I know it was with a sigh of relief that 
word was first received of natural gas being found in 
large quantities within reach of the San Francisco Bay 
area. Plans were immediately formulated by the 
Pacific Gas and Electric Co. for the construction of a 
200-mile high-pressure gas transmission ma‘n between 
the Kettleman Hills area and San Francisco. ‘The main 
was to consist of 16-, 20- and 22-inch diameter steel pipe 
joined by oxyacetylene welding. 

The gas was to be received from the absorption plants 
in the field at about 350 Ib. and compressed to 500 Ib. for 
introduction into the transmission system. This work 
was rushed to completion and in 1929 San Francisco re- 
ceived its first natural gas. In 1930 a second line 26 
inches in diameter was constructed jointly by the Pacific 
Gas and Electrie Co. and the Standard Oil Co. between 
the Bay area and Kettleman Hills, and since that date 
numerous fields have been discovered and the growth 
has been continuous. 

In 1928, the production of manufactured gas by the 
Pacific Gas and Electric Co. averaged in the neighbor- 
hood of 67,000,000 cu. ft. per day. By 1935, the daily 
sendout of natural gas having a heating value ap- 
proximately twice that of the manufactured gas reached 
140,000,000 cu. ft. The present average is about 
570,000,000 cu. ft. per day while the peak sendout is 
almost 1,000,000,000 cu. ft. per 24 hr. It may assist 
in visualizing this peak day quantity if I say its weight 
is approximately 23,500 tons. All of this vast increas- 
ing consumption, and it is typical of all territories 
which are served with natural gas, of course, necessi- 
tated a tremendous increase in pipe-line transmission 
and distribution facilities. 

The Pacific Gas and Electric Co.’s gas system pres- 
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ently has over 12,000 miles of main and 950,000 services 
which probably total an additional 10,000 miles or so 
in length. It is similar to many of the older gas 
companies’ systems in the country in that a substantial 
portion of the main and services were constructed many 
years ago for the distribution of manufactured gas. 
With the exception of a few small propane and butane 
air-gas systems, the entire area is furnished natural gas 
ranging in heating value from 850 to 1200 Btu. per 
standard cubic foot. High Btu. oil gas is manufactured 
by standby plants to assist in meeting winter peak load 
requirements. 

The older portion of our gas system that I have pre- 
viously mentioned was constructed largely with bell- 
and-spigot joint cast-iron pipe which is well known for 
its long life; however, the joints of this pipe which are 
caulked with yarn and held in place by lead or cement, 
began leaking shortly after the introduction of natural 
gas. This was caused by the drying out of the yarn, 
the result of changing from a moist manufactured gas 
toa dry natural gas. The deterioration of these joints 
has been responsible for a large portion of our distribu- 
tion maintenance expense during the last 20 years and 
hundreds of thousands of bell-joint clamps have been 
installed to stop this leakage. 

With the exception of a few areas where corrosion has 
been excessive, resulting in the failure of bolts, these 
clamps are expected to greatly extend the useful life of 
these mains. 

At this juncture, it might well occur to you that 
there may be problems surrounding the determination 
of the quantities and locations of these leaks, and I 
would like to say that we have men continuously in 
the field testing for leaks. These tests are made with a 
combustible gas indicator of the electric filament type, 
and all underground vaults, manholes, water meter 
boxes, ete., whether belonging to our company or to 
other utilities, are inspected and when leakage is found 
or suspected, bar holes are made over the mains and 
additional samples taken. The tests, of course, are not 
limited to the cast-iron mains, but I mention them here 
as we have had a severe problem in connection with 
this older part of the system 

So far, I have said very little about that part of our 
system which has been constructed since the advent 
of welding —namely steel pipe which is joined by weld- 
ing and which has been used almost exclusively by the 
company since 1924 

The large increase in the consumption of gas after 
natural gas was introduced into our system resulted in 
a tremendous increase in the transmission and distribu- 
tion mains, which in turn required a continually greater 
number of welded pipe joints. While much of it in- 
volved electric welding, a very great percentage was 
made with the products of your industry As an 
example, you might be interested to know that ap- 
proximately 1,300,000 cu. ft. of oxygen and 930,000 
cu. ft. of acetylene were used in 1946 while in 1949 this 
figure increased to 3,500,000 cu. ft. of oxvgen and 
2,250,000 cu. ft. of acetylene. These figures, of course, 
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as with our increased activity reflect the results of the 
lean war period and resultant step-up postwar program. 
They do indicate, however, that like the rest of the in- 
dustries, the public utility companies are continuing to 
utilize gas for welding and flame cutting. 

Since about 1924, practically all of the gas mains in- 
stalled by this company have been wrapped steel main 
and we have accepted welding to such a degree that it 
is hard to visualize how the work could have been car- 
ried on without utilizing it to the fullest extent. Prac- 
tically all of these mains operate under high pressure; 
by that I mean distribution pressures ranging from 5 
to 100 psi. and transmission pressures as high as 800 


psi. Steel has been adopted so completely because of 


its suitability in that it is easily bent and has high 


mechanical strength. 


WELDING UNDER PRESSURE 


It is common practice to weld on gas mains which 
are under pressure and we have welded successfully on 
While it is 
safe to utilize oxyacetylene welding on the higher pres- 
sures, we normally restrict such welding to pressures 


mains with pressures as high as 800 psi 


encountered in our distribution system. This practice 
is considered advisable because of the relatively larger 
high heat area when compared to the electric are 
process 

One thing we should all remember as we discuss a 
natural gas system 18 the fact that gas 18 harmless, 
with respect to explosibility, until it is mixed with sub- 
stantial amounts of ait 

As most of you are probably more familiar with 
acetylene gas, it will be of interest to recall that while 
acetylene has a very wide explosive range from about 
3 to 82°7 acetylene in air, natural gas has the com- 
paratively narrow range of from 5 to 15°) gas in air. 

To describe in more detail the routine construction 
performed by the Pacific Gas and Electric Co., 1 will 
outline briefly the organization and methods which are 
closely associated with oxyacetylene welding 

The Pacific Gas and Electric Co. has 13 operating 
divisions which are complete within themselves so far 
as the routine construction and maintenance of the gas 
system is concerned and a General Construction De- 
partment which is operated on a system-wide basis that 
is available to help in carrying out the larger construc- 
tion projects, either by performing the work with their 
own crews or by awarding it to private contractors 
The General Construction crews are larger than the 
division crews and more flexible in their composition as 
they are shifted from place to place to either perform 
the work or to prov ide inspection On projects which 
have been awarded to private contractors 

You are probably quite familiar with normal pipe- 
line construction. Consequently, | would like to re- 
strict my comments to the routine work of small con- 
struction jobs which are constantly in progress and 
which are more closely allied with the operations of the 


gas system. 
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The regular division organization utilizes so-called 
light crews for the smaller construction and mainte- 
nance jobs. A typical crew consists of a working fore- 
man, a fitter or an apprentice fitter who performs the 
welding, and helpers and laborers as the work requires. 
A few larger crews are also available in the division 
and, with the exception of a full-time foreman, are made 
up of men with the same classifications as outlined for 
the light crews. 

In general, these crews operate from trucks which are 
equipped to carry their daily needs with respect to ma- 
terial and tools. The tools consist of air compressors, 
pneumatic tools of various types, earth boring equip- 
ment, miscellaneous hand tools and, of course, oxy- 
acetylene welding equipment, as this is the field in which 
most of the oxyacetylene welding is done in our com- 
pany. 

The oxygen and acetylene cylinders are mounted on 
light two-wheel pneumatic tired carts and are lifted on 
and off the trucks by hand. 
gas is carried on the trucks for replacement should a 
cylinder be emptied during the day. As these trucks 
are some distance from the warehouse, it follows that 
The small 


evlinders, approximately 100 cu. ft., are more than ade- 


A spare cylinder of each 


the cylinders should be emptied on the job. 


quate for the average day's work and are greatly pre- 
ferred over large cylinders because of the difference in 
weight. 

| do not believe that any of you can recall of any in- 
terruptions to your gas service and may well wonder 
how the work is carried on without the necessity of 
shutting down these operating mains. While valves 
are located quite generally through the svstem, it would 
be impracticable to place them in all positions where 
work is to be performed and various methods have been 
devised to permit work on operating mains without in- 
terruptions to service. 

Prior to the widespread distribution of high pressure 
pas, in fact, dating back to the very early days of the 
ges industry, canvas-covered rubber bags were used 
to shut off the flow of gas in mains when it was 
ecessary to perform work. These bags are inserted 
into the mains through comparatively small! drilled 
holes which limit the amount of escaping gas to a 
quantity which minimizes the hazard to the workmen. 
Upon inflation the bags provide a reasonably tight 
shutoff and the work of cutting the main between two 


or more of these bags can be performed without diffi- 
culty. 

Service connections were usually made by drilling and 
tapping the mains and it was necessary to permit the 
escape of gas while the work was in progress. As 
pressures increased, it became more and more impracti- 
cal to reduce them for this purpose and numerous tools 
were developed to avoid the necessity of reducing pres- 
sures or shutting down mains to make connections. 
The most common method is comparatively simple; 
the essential feature consists of working through full 
opening valves which are screwed or flanged to fittings 
which contain an inside thread for insertion of a plug 
when the work is completed. If a service connection 
is to be made, the fitting consists of a tee which is welded 
to the main and service before it is drilled out, the 
equipment being mounted on the top of the tee. As you 
can see, it is possible to test all welds in the service 
branch by air pressure before drilling through the main 
to admit the gas. 

If work is to be performed on the mains themselves, 
or if laterals are to be run from them, fittings of the size 
required are furnished in two halves which are placed 
around the main and welded down each side and to 
the main at each end. This permits the full diameter 
of the main to be cut out within the fitting. Rubber 
stoppers capable of holding back pressures in excess of 
100 psi. are employed; they have ports which permit 
gas to be rerouted while the work is performed. 

While the foregoing is a somewhat sketchy outline, | 
hope it has given you some idea of present operations 
that are closely allied to your product. 

To meet the growing demand for natural gas the 
Pacific Gas and Electric Co. is engaged in the construc- 
tion of a 506-mile, 34-in. diameter transmission main 
from the California border near Needles to the San 
Francisco Bay area which will connect to an even 
longer main being constructed by the El Paso Natural 
Gas Co. 

Upon completion of this main and the many others 
presently under construction throughout the country, 
we have every right to expect the continued expansion 
As they extend farther 
and farther from the metropolitan areas, I believe it is 


of gas-distribution systems. 


safe to say that the majority of pipe used will continue 
to be joined with welds made by the oxyacetylene 


pre CESS. 


DO YOU DISPLAY YOUR A.W.S. CERTIFICATE? 


Our Certificate certifies your Membership and signifies that you are contributing to advanc- 
ing the Science and Art of Welding by active participation in the American Welding Society. 
For those who have not received their A.W.S. Membership Certificate, we can supply such on order with your name 


engrossed thereon and signed by the Society's President and Secretary. Order through National Headquarters, 33 
West 39th St. N.Y. C. Price $1.00. (Money Order or check) 


Smith—Pipe Lines 


Tue JoURNAL 


af 

GA2 


Oxyacetylene Welding in College Training 


» Developing a knowledge of welding in 


by Richard C. Wiley 


ERHAPS in no other college will there be found 
such a wide range of oxyacetylene and are welding 
operations being carried on than at California State 
Polytechnic College located at San Luis Obispo 

This is because of the fundamental nature and philoso- 
Cal Poly is, in a sense, an A & M 
Its educational philosophy is 


phy of this college 
type of institution 
summed up by the phrase: ‘“‘Learn by doing.”” This 
simply means that we have a realistic and practical 
approach to the problem of training men for agricultural 
and industrial jobs. 

In the welding department it is our aim to develop a 
knowledge of welding in both theory and technique 
The student is taught to do a reasonably good job of 
welding, but he is by no means trained to be a welding 
operator. The knowledge developed is aimed at under 
standing and appreciating the problems of welding, its 
uses, its importance and its limitations. In short, we 
are not training welding operators, but rather we are 
giving students in the four major engineering depart- 
ments of the college— namely, in agriculture, air-condi- 
tioning and refrigeration, aeronautics and mechanical 
engineering—some fundamental skills plus a sound un- 
derstanding of where welding can be applied to their 
field effectively. 

Whether a man ever does any more welding after 
leaving school or not, actual practice will give him skill 
as well as operator-appreciation and a better insight 
into welding. For these reasons actual welding prac- 
tice is insisted upon 

The welding department fits into the over-all program 
of the college by serving the four major engineering 
divisions just named. In addition, we give training 
also to other students ranging from animal husbandry 
to ornamental horticulture, and including poultry ma- 
jors and architects. Some of the applications may seem 
quite unrelated to welding, but the poultry men make 
up special wire cages, animal husbandry men make bull 


pens, ornamental horticulture students go in for frames 
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theory and technique in an A & M College 


and racks, while architectural engineers are interested 
in welding from a building standpoint. 

The welding courses in general consist of funda- 
mentals of oxyacetylene welding; fundamentals of 
metallie are welding; advanced courses in both of these; 
courses in fundamental welding design; special proc- 
esses such as resistance welding and automatic sub- 
merged melt are welding; and special problems dealing 
with individual projects in both oxyacetylene and are 
welding 

The important place of oxyacetylene welding in the 
welding curriculum may be seen from statistics in this 
regard. Approximately 400 out of 600 students pres- 
ently enrolled in the department are taking either funda- 
mental or advanced courses in oxyacetylene welding 
Further, we use some 120,000 cu. ft. of oxygen and 
50,000 cu. ft. of acetylene annually 

In the fundamental courses given to first-year stu- 
dents of the four major engineering divisions of the col- 
lege, the three-hour per-week oxyacetylene course deals 
with the equipment used, safe handling of welding and 
cutting operations and actual welding practice. The 
latter consists of running beads in the flat position on 
By the end of the first quarter 
the student is able to make simple butt welds with 


16-gauge sheet steel 


reasonable proficiency 

It is here that agriculture engineering students branch 
off from the general course into a specialized one which 
will be considered later 

In the second quarter the more difficult types of 
joints are considered as well as brazing and flame cut- 
ting. Welding on small diameter, thin-walled tubing 
is also given. This tubing is made in our own shop. 
The final project in the second quarter is a “test bomb” 
made up ol thin-wall tubing and tested hydrostatically 
to 200 Ib. pressure 

\ero students branch off at the beginning of the third 
quarter into problems designed to produce quality air- 
craft-type welds. This also will be considered later 

fegular third-quarter work in the first year is done 
on heavier material. Welding practice consists mainly 
of heavy-to-light welding and simple butt welds in 2-in. 
pipe 

The final project for the first year is the development 
of templates for the making up in 2-in. pipe of a four- 


Avevust 1950 Wiley—Welding in College Training 643 


q 
q 
> 3% 
; 
3 
2 
7 


piece, 90° turn, with an orange peel head on one end 
and a flat head on the other. This project must meet 
a 250-lb. hydrostatic pressure test. 

Throughout all work the stressing of safety is of 
prime importance. If we are going to give actual weld- 
ing practice, we must develop good, safe, work habits in 
our students above all else. On the theoretical side of 
safety, the study of the construction of cylinders, gener- 
ators, regulators and torches give additional knowledge 
to the student. 

Agricultural engineers branch off in the second quarter 
to take up heavy brazing in cast iron as commonly 
found in older farm equipment on a repair basis. Since 
the present tendency is away from cast iron, heavy weld- 
ing and flame cutting of pipe and plate is also con- 
sidered. The oxyacetylene flame is used by the stu- 
dents to hard-face thin cultivator shovels, silage knives, 
plough shares and the like. 

Aero students at the beginning of the third quarter in 
the first year are engaged in producing high quality air- 
craft type joints in preparation for passing the welding 
tests to obtain the C.A.A. A and E license. 

In the various majors the second-year courses of 
three hours per week are more specialized and deal with 
particular problems and techniques. 

Aeronautical engineering students studying to obtain 
their C.A.A. licenses work with light aircraft tubing 
and develop the ability to make high-quality welds in 
cluster joints, spar splices and other repair joints found 
in steel fuselage of aircraft. Work is also done on re- 
pair of aluminum gasoline tanks and oil tanks for air- 
craft. Aluminum welding is done with the oxyacety- 
lene flame, the oxyhydrogen flame and the inert gas- 
shielded are torch. Resistance welding of low-carbon 
steel is also considered in the advanced aero welding 
courses. By the end of the third quarter of the second 
year the aero student is able to make an acceptable tub- 
ing cluster weld and a minor aluminum repair job 
Lecture activities parallel shop work to give additional 
information. 

Air conditioning majors and some mechanical engi- 
heering students who elect to follow the advanced 
course in oxyacetylene welding begin by developing 
templates for a pipe Y with orange peel heads. After 
completing the templates the project is laid out on 3- or 
4-in. O.D. tubing and flame cut. Heads are formed and 
the complete project tacked together. Before starting 
final welding of the project, practice welds are made on 
the same material, then the project is welded and 
tested to 1500 Ib. hydrostatic pressure. 

The next project in the course is a cross made up with 
two flat heads, an orange peel head and a concentric 
reducer. This involves the laying out of templates for 
the end cuts on the branch connection, the orange peel 
head, the hole in the main, and the concentric reducer, 
as well as calculations for the head thickness to with- 
stand the design pressure. 

Further work is done with silver brazing of copper 
tubing, fusion welding of stainless steel and silver braz- 
ing of stainless steel. Flange melt-down type joints 
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are made on aluminum with the oxyacetylene flame, 
the oxyhydrogen flame and the gas-shielded are torch 
using argon as the inert gas. 

This advanced course enables the student to be rela- 
tively skilled in handling fairly heavy piping projects 
and to approach a welding job on the nonferrous metals 
commonly found in the air-conditioning and refrigera- 
tion industry. 

In order to carry on a successful welding program it 
is necessary to have an adequately equipped welding 
plant. At California State Polytechnic College the 
welding shop is equipped with a 500-lb. capacity acety- 
lene generator and a 150-lb. acetylene generator used as 
a standby. The acetylene is piped through the shop. 
On the pipe lines are fitted proper and adequate safety 
devices to relieve any over-pressure condition. In the 
past four years we have not had the occasion to replace 
any bursting disks. This is an indication that the rigid 
safety program is paying off 

The oxygen supply is manifolded in an elevated ware- 
house type building to facilitate loading and unloading 
from a supplier’s truck which calls each week. 

There are 32 oxyacetylene welding stations equipped 
with light, aircraft-type welding torches. Ten stations 
are equipped with heavy-duty type welding torches. 
In our toolroom we have available welding nozzles 
ranging from 00 to 3 in aircraft-type torches and from 
00 to 6 in heavy-duty type torches. 

Flame-cutting stations number nine in all throughout 
the shop including the are-welding section. We have a 
fairly good arrangement for flame-cutting operations. 

It is my opinion that there is no definite line between 


are welding and acetylene welding; therefore, this dis- 


cussion would not be complete without a description of 
our are welding section. There are 14 stations and one 
demonstrating section. Both a.-c. and d.-c. welding 
machines are used. 

A special demonstrating machine was built with a 
motor-driven reactor and equipped with a large am- 
meter and voltmeter which enables the instructor to 
make sample welds and at the same time to demonstrate 
the various current settings and fluctuations 

In order to cover as wide a range of the welding proc- 
esses as possible, we are equipped with various machines 
as found in industry, these include the gas-shielded are 
torch using both a.-c. and d.-c. currents and argon as 
the inert gas shield. This is used to weld both stainless 
steel andaluminum. We have an automatic submerged 
melt machine mounted on a boom and used in conjune- 
This allows the 
making of circular welds and flange-to-pipe and butt 


tion with a rotating positioning table 
welds in large diameter pipe. Resistance welding ma- 
chines inelude a 75-kva., electronic-controlled, air-oper- 
ated welder, and a 150-kva. seam welder 
instructed in the proper setup and control methods for 


Students are 


these important industrial machines. 

Laboratory equipment in our welding design labora- 
tory includes a number of drafting machines. These 
are standard engineering office equipment in most in- 
stances and here again we try to bring our courses as 
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near to actual industrial practices as possible. A 
metallurgical microscope with a camera attachment 
for making photomicrographs is used in the laboratory 
as is also a specimen mounting press and power-driven 
polishing equipment. The value of this apparatus lies 
in the fact that it allows the student to observe the 
grain structure of various specimens of weld metal and 
parent metal which brings home the importance of cor- 
rect technique and heat treatment. 

The department has built up an extensive file of 
AMERICAN WELDING Sociery publications, manufac- 
turers catalogs and other literature on welding equip- 
ment, supplies and related fields. This material is used 
as reference for design problems, installation and pur- 
chasing data. This is more on-the-job-type of classwork 

Future plans for equipment in the over-all program 
of welding call for the addition of a flame-cutting ma- 
chine incorporating two or more cutting torches in 
order to give practice and to demonstrate the use of 
flame cutting on a mass production basis of parts from 
A 110-kv. medical type X-ray ma- 
chine was donated to the department by a local hos- 


heavy steel plate 


pital. After a good deal of investigation and considera- 
tion, it was decided to install this machine in the weld- 
ing laboratory. In view of the low capacity of this 
machine compared to those used industrially, we will be 
limited in our nondestructive tests to material not ex- 
ceeding */\. in. thickness. This limit would be out éf 
the question in an industrial plant, but in an educa- 
tional setup it will prove a desirable addition to our 
\elding program in that it will allow us to make some 
X-ray photogranhs even on a limited scale. Students 
will gain knowledge of the general practice of using X- 
rav in weld tests 

Often weld failures can be attributed to the carbon 
content of the steel being welded. It is our opinion 
that welding technicians should understand the com- 
mon direct combustion method used to determine the 
He should be able to apply 
There- 


fore in the near future we hope to have apparatus in the 


carbon content of steel. 
this knowledge to problems arising in the plant 


ory for this purposs 

In addition to the fundamental oxvacetvlene and are 
welding courses, there is offered to senior engineering 
students a welding design course of 5 units per quarter, 
It is our aim in this course to develop & few men each 
vear to enter the welding field in one of the three 
Briefly 


welding processes available 


branches: sales, design and/or production. 


the course content is 


welded joint design, selection, uses, strength and other 
factors, A.P.I.-A.S.M.E. Code for Unfired Pressure Ves- 
sels and its interpretation, mechanical properties and 
weldability of steels, welding equipment types, resist- 
ance welding (its uses and importance), plant layout 


and production control, cost estimating and testing and 


inspection. 

In order to demonstrate how this program is working, 
let us consider two projects, one finished and the other 
in progress. The first is the motor grader project, the 
second is the milk conveyor project. These are two of 
many different types of jobs which come to the welding 
department and are undertaken by the students with 
supervision and guidance. 

Through war assets the college acquired a large 
motor grader, not in running condition, built for the 
Army for a special purpose. Very few of this particular 
tvpe of grader were in existence and parts were next to 
impossible to obtain. The flywheel housing casting 
was missing. A replacement could not be found any- 
where. Investigation showed that the manufacturer 
had destroyed the pattern. The welding department 
obtained a print of the original cast part from the manu- 
facturer. From this the part was redesigned for a 
welded housing and the grader is now in operation. 

The milk conveyor project involves the remodeling 
and installation of a gravity conveyor system approxi- 
mately 200 ft. long, for handling cases of bottled milk 
at the college dairv. The job consists of fabricating 
two 90° turns, supporting members, guard rails and 
other miscellaneous parts for this conveyor system. 
Working drawings are now being made, the cost estimate 
is being figured by the members of the advanced welding 
design class. When plans are approved, construction 
will be undertaken by student welders under the super- 
vision of a project engineer from the welding design 
class 

From these two examples it may be readily seen that 
the “learn by doing” philosophy at California State 
Polytechnic College is one that is in actual application. 

Thus, oxyacetylene welding finds its place in a college 
welding program as a basic part of the structure upon 
which is later built the advanced courses From the 
time the student first picks up the welding torch and 
does creative work with it, he begins to gain a sympathy 
for the fusion of molten metal. As a result of this basic 
experience he comes to realize both the possibilities and 
the importance of welding in building and carrying on 


our industrial and agricultural society 
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ind with Bronze in Production 


» Production economics and other advantages merit care- 


ful consideration of the use of gas welding with bronze 


by Clinton E. Swift 


OR MANY years we have all heard of the spectacu- 
lar repair jobs done with the oxyacetylene torch and 
bronze-welding rods. Giant press frames, broken 
through heavy sections, are braze welded for a frac- 

tion of the cost of replacement. And they are back in 
Service in a matter of hours, instead of weeks or months. 

The big repair jobs attract our attention because of 
their unusual size, or the great savings effected by bronze 
Welding instead of replacing the part or welding it by 
some other means. But brazing or braze welding on 
production work may present opportunities for even 
@reater savings that can be repeated week after week. 
So let’s look around and see where gas welding with 
bronze is being used every day on production jobs. 
And let’s find out why gas welding is being done in- 
Stead of resistance or are welding. 

Most of the production work done by gas welding 
With bronze falls into one of two groups. One is the 
joining of formed sheet metal parts ranging in thickness 
from 0.020 to 0.062 in. Examples are steel dressers 
and cabinets of all kinds. The other is the joining of 
light wall steel tube assemblies. Steel tubing is used 
for chairs and seating of all kinds, bed frames, special 
hospital equipment and many other uses. 

To appreciate the full economies of braze welding 
and brazing, we must look not only at the joining opera- 
tion itself but at the finished product. What is the 
cost of the joint including the investment in welding 
equipment, preparation and fit-up of the metal, welding 
time and clean-up time? 

For gas-welding, only oxygen and acetylene regula- 
tors, welding hose and a torch and tips are necessary. 
Most production braze welding is done with a flame- 
fluxing device, so this should be included, but even 
then all this won’t add up to much more than $250 per 
operator 

Exact fit-up of joints is not necessary. Gaps be- 
tween lapped sheets, or butted edges of sheets or tubing, 
can readily be filled. The low fuming bronze generally 
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for metal furniture and other light-gage metal parts 


used shows a weld strength on steel of 55,000 to 65,000 
psi. This is ample for most steel. Weld deposits are 
sound. And this is vital where many joints are ground 
flush with the steel. 

Usually the biggest saving in braze welding and braz- 
ing is in the little or no finishing required after the joint 
is made. Fillets are smooth and corner welds or butt 
joints sand down to smooth metal in a few seconds. 
Flame fluxing leaves no heavy beads of borax glass to be 
removed. There is no flash or weld spatter to worry 
about. And the low temperatures required for braze 
welding minimize distortion. 

Small assemblies are held in fixtures that can be 
rotated in one or two planes. The welder can turn the 
work quickly to the best position for making each joint 
On larger pieces, it is not difficult to braze weld on ver- 
tical or even overhead surfaces. The torch is light and 
easily moved from joint to joint in any assembly 


The bronze is applied with relatively large welding 


Fig. 1 Applying low-fuming bronze with the oxyacetylene 
torch to make a corner weld on a panel bed assembly 


Note that lap joints, wide and closely spaced butt joints and corner 
welds are represented in one small area 
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Fig. 2 Bronze is generously applied over the entire corner 
insert 


wo there will be no low spots to be rewelded or filled 


Bhen finished d 


with solder. Note the neat fillet between the foot and bottom of the 


panel 


Fig. 3) The brase-welded corner insert is ground smooth 
on top and the corners rounded off 


None of the many other welds are touched. The panel i« ready for 
painting 


tips in the torch. Large tips are used to make the joint 
quickly with the least possible total heat input. This 
greatly reduces, and in many instances eliminates, dis- 
tortion. Flame fluxing is helpful in this respect, too. 
The right amount of flux is on the work and the rod 
just where it is needed ; 

Typical of braze-welding applications on sheet steel 
are those shown in Figs. 1-6. In Fig. 1, the welder is 
braze welding corner inserts in a_ steel bed panel 
Figure 2 shows the many types of joints made in one 
assembly between metals of various thicknesses. On 
the top corner the steel insert was completely covered 
with bronze. It is faster to flood the bronze across the 
whole insert than to make two corner welds. Also, 
the wide bronze deposit compensates for any irregulari- 
ties in fit-up and the joint cleans up with one grinding 
operation, as shown in Fig. 3 

In Fig. 4, a welder is braze welding runners, cross rods 


Fig. 4 A welder applies low-fuming bronze to a cross rod 
held in place in a steel dresser by an ingenious fixture 


Note the quick-acting clamps which hold the work firmly against 
the stops. There is plenty of room to get to the joints 


Fig. 5 The steel dresser is ready to paint 
The «mooth bronze fillets and flat beads need little or no finishing 
after they are applied. Note the wide bronze deposit in the top corners 
on the front face, of the few joints that has t i 
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Fig. 6 The finished and painted dresser shows no signs 
of welds at the joints 
The top and ends are flat, entirely free from distortion 


Fig. 7 Bronze is applied to this important joint in the 
construction of a steel lounge chair 


No —_ welds of mechanical fastenings are needed to help the bronze 
carry the load 


and side supports in a steel dresser. Note the simple 
lap and butt joints that can be used when this method 
of welding is employed. Sections ean be formed with- 
out thought of having to get inside them later with a 
resistance welding electrode for spot welding. 
no worry about 
welds. 


There is 
burning through with metal are 
And no flash or spatter to interfere with the 
smooth operation of drawers. Figure 5 shows the 
dresser as brazed, and Fig. 6 the completed unit. 

Steel tubing is being used more and more for struc- 
tural purposes. Figures 7-9 show some of the steps in 
the fabrication of a lounge chair. The fillets made 
with bronze are smoothly concave and require no 


O4S Swift 


Bronze Welding in Production 


Fig. 8 A close-up of a braze weld fillet shows no need for 
grinding or cleaning 
The change in color around the weld is merely the heat-affected sone 


Vig. 9 
The only grinding is on the butt joint in the main frame. 


sign is simple, making full use of the adaptability of braze welding to 
many ty pes of joints 


The completely brased chair 
The de- 
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Fig. 10 


This fixture holds all parts for this piece of outdoor Fig. 11 


This close-up shows the neat fillets around the 


furniture in accurate alignment without interfering with intersecting tubes and the clip on the other side of the 
the brase welding 


It can be turned over for quickly reaching the other side of the joints 


Fig. 12 


Solid steel rods for a part on a hospital bed 


Maximum strength is needed here 


13 
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The welder applies high-strength nickel-silver 


brazing alloy to intersecting steel rods 
He makes a smooth joint. ready to paint 


Fig. 15 


This frame is ready to paint 


main frame 


Fig. 14 An angle made from rerolled 
railroad rails and a bronze casting 
make a part for a bedside cabinet 
A 


difficult combination to join, except 
with the oxyacetylene torch and bronze 


& 


1 simple fixture aligns the steel angle 
and bronze casting for the welder to braze 


Low-fuming bronze is used 
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finishing, as shown in Fig. 8. The joints present a 
neat, streamlined appearance in the as-welded condi- 
tion. Note the many types of intersections that are 
easily braze welded. In Fig. 9 is a butt joint, ground 
smooth, in the center of the frame. There are lap 
joints between full sections of the square tubing and 
intersections between large and small sizes of tubing. 
All joints are quickly made in one fixture or by turning 
the chair after it is out of the jig. 

Figure 10 is a good example of the type of fixture used 
for assembling tubular steel outdoor furniture. Quick 
acting clamps hold all parts accurately in position. 
The whole fixture is mounted on trunnions so it can be 
rotated 360°. Figure 11 is a close-up showing a brazed 
joint that can go right to the paint shop from the weld- 
ing shop. 

Solid steel rods are used in many places on hospital 
equipment. In some instances the highest possible 
strength is required, so a nickel-silver brazing alloy is 
used. The weld-metal strength will run 60,000 to 70,000 
psi., with much higher strengths developed where the 
brazing alloy runs in between butted or lapped surfaces. 
The nickel-silver brazing alloys are applied with the 
same torches and flame-fluxing devices used with the 
low fuming bronzes. 

Figures 12 and 13 show a part for a hospital bed 
made from round rods. To develop maximum strength, 
nickel-silver brazing alloy is used for this joint. 

With braze welding, it is possible to join dissimilar 


Fig. 16 The brazed joint is well proportioned and smooth 
It will readily take the good paint job requi 


d for hospital equi nt 


metals with practically no more fuss than low carbon 
steel. Figures 14-16 show an angle rerolled from rail- 
road rails, being joined to a bronze casting. It is a 
part for a hospital bedside cabinet. Note the smooth 
fillet in the corner between the steel and the bronze. 

The use of bronze with the oxyacetylene torch has 
not been pushed out of the production welding picture 
by the various forms of electric welding. It still has a 
very definite place. The improvements in torches, 
regulators, bronze welding rods and fluxes and fluxing 
devices have kept pace with other advances in industry 
Wherever sheet metal or light wall tubing is being fabri- 
cated look for savings in production by gas welding with 
bronze. Savings usually average 40 to 60°%. Such 
economies are well worth looking for. 

The writer wishes to thank Dan Raffone, Welding 
Engineer, The Simmons Co., Kenosha, Wis., for his 
courtesy in supplying information and pictures. 
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by W. S. Simmie 


INTRODUCTION 


T IS true to say that the automotive industries of 
America and Britain are largely responsible for the 
large-scale developments which have taken place 
in the various branches of resistance welding in re- 

cent years. This review of the various methods used in 
both countries applies in particular to the automotive 
industry although it also embraces the manufacture of 
domestic appliances. 


RESEARCH AND DEVELOPMENT 

The demand for resistance-welding machines in 
America is probably ten times that of Britain. It is 
not surprising, therefore, that larger funds are available 
for research and development in America and there is no 
doubt that results are being produced which have ad- 
vanced considerably the art of resistance welding. 
For example, during recent years there has been intro- 
duced a three-phase welding system which reduces the 
load demand and distributes it over three phases and an 
automatic preheating control device for gradually in- 
creasing the amplitude of the current wave form during 
the welding cycle. This is technically known as slope 
control. Inventions such as these mentioned above 
are of great interest to British users of welding machines 
because of the power difficulties which have been prev- 
alent during the postwar years. 

Numerous research papers on welding subjects are 
also provided by American investigators and these tend 
to lead to further developments in Britain. Some of the 
largest manufacturers in Britain have their own re- 
search departments but it must be admitted that many 
people in industry consider it an unnecessary expense 
Government assistance to Research Associations in 
Britain has considerably helped to encourage research 
work during the past few vears. 

It is fortunate that developments in America are 
quickly made available to users in this country, due to 
the fact that several American manufacturers of welding 
equipment are closely connected with similar companies 


in Britain. 
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The Resistance Welding of Mild Steel Sheet 


® A comparison of British and American methods for the re- 
sistance welding of mild steel sheet in the automotive industry 


SPECIAL TYPE MACHINES 


During a recent visit to America, I was impressed by 
the development and use of large welding machines of a 
specialized type. These chiefly consisted of multiple 
spot welders and automatic seam-welding machines. 
Similar machines are now being introduced in Britain 
but the two deterrents at present are |) production 
quantities are not large enough, and (2) installation is 
difficult due to a lack of power supply for this particular 


type of loading 


SPOT WELDING 


There are no noticeable advantages or disadvantages 
in the type of equipment available but it is in the actual 
application of welding devices that some differences do 
exist. In Britain a considerable amount of time was de- 
voted to definitely determining the factors which caused 
inconsistency inthestrengthof spot welds. It was argued 
that instead of making spot welds “hot and plenty "they 
should be consistent and less in numbet With modern 
welding equipment it can be said, that if the parts to be 
welded are a reasonable fit, the only uncontrollable fae- 
tor in spot welding is the welding tip diameter. Exten- 
sive experimental work proved that an electrode having 
a truncated cone with an included angle at the apex of 
30° and a flat tip or welding surface gave a greater 
durability to deformation and therefore more welds be- 
tween redressing intervals 

Several motor car manufacturers having changed 
over to the unitary chassis body type of construction 
found it necessary to specily a definite weld pitch and 
having established a minimum pitch value for stressed 
members a consistent weld strength had to be main- 
tained 


This was achieved by 


a) Introducing interlocking devices working in con- 
Junction with welding timers or welding 
transtormers 

bh) Controlling the size of the electrode tip 

( Disearding automatic repeat operations on 


some of the welding units 
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INTERLOCKING DEVICES 


Interlocking devices prevent the operators from inter- 
fering with the welding sequence after the weld has been 
initiated. There is a tendency for the speed of welding 
to be reduced by the use of interlocks, but this can be 
avoided by allowing the main exhaust valve on a weld- 
ing; machine or a welding gun to remain in close proxim- 
ity to the operating air cylinder. The use of a pilot 
cylinder ensures that only a small volume of air passes 
through the interlocking control and the main operating 
air cylinder is free to exhaust through the standard type 
of exhaust port. In America interlocking devices have 
also been introduced and in some factories this control 
has been incorporated in the welding timer. ‘The speed 
of operation can be varied by means of a rheostat. In 
many instances it appeared that these rheostats were 
set at zero and the quality of the weld was being over- 
looked to obtain higher welding speeds. 

It is possible to check the operation of an interlocking 
device by the weld appearance. With correct inter- 
locking the tips or dies remain closed on the workpiece 
for a short interval of time say 0.04 sec. The weld is 
cooled due to the flow of water through the tips and 
little or no oxidation takes place on the area covered by 
them. When the interlocking is not functioning prop- 
erly the tips leave the workpiece while the weld metal 
is still hot and oxidation of the complete weld surface 


a 


Fig. 1) Left. Welds made with interlocking device in use 
Right. Welds made without interlocking device 
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takes place. This feature is illustrated in Fig. 1. 
Three spot welds have been made using an interlocking 
device and the nonoxidized area, which has been in con- 
tact with the tip surface, is clearly shown. ‘The other 
three spot welds have been made without interlocking 
and the whole weld surface has been oxidized. 


TIP OR DIE MAINTENANCE 


There appears to be a greater effort to control the tip 
diameter in British factories compared with some of the 
largest users of welding equipment in America. For 
example, one American manufacturer in demonstrating 
a large multispot welder stated that the tips were put 
in position and used until they were worn out. In such 
cases the current density through the weld must vary 
and consequently the weld strength must deteriorate. 
It should be mentioned, however, that in some Ameri- 
can factories where the designers called for a definite 
weld strength the tip shape and size was carefully con- 
trolled and a good weld appearance was maintained. 
Generally speaking a standard file is used for redressing 
tips but tests have shown that this filing operation 
greatly reduces the life of the tip. Several types of 
dressing tools are available in Britain. One of these 
recently introduced has met with approval in several 
small factories where a high standard of workmanship 
is required. It consists of two files firmly attached in a 
holder at the specified tip angle. Between the inner 
edges of the files is a space equal to the original tip 
diameter. A section through this type of dressing tool 
is illustrated in Fig. 2. 


AUTOMATIC REPEAT WELDING CONTROLS 


In some factories in Britain controls which permitted 
the welding unit to repeat the cycle of operations, were 
discarded as it was found that the operator had not 
complete control of the welding head when spacing and 
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Fig. 2 Section of dressing tool 
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selecting the position of weld. High production speed 


could still be obtained without these devices. 


POKE WELDING 


Some years ago poke welding was used to a con- 
siderable extent in Britain, but, owing to the lack of 
control and variable weld strengths obtained by this 
method, it is rarely used now-a-days. It was, there- 
fore, surprising to see this form of spot welding still in 


use in some American factories. 


FACE WELDING 


Face welding is the term used for spot welding where 
the minimum amount of metal disturbance is required 
on the exposed surface of one of the component parts. 
These face welds reduce the finishing costs and avoid 
the use of solder filling. Owing to the shortage of solder 
during the postwar years, considerable efforts have been 
made in Britain to produce the minimum amount of 
marking on metal surfaces, which subsequently have a 
high-gloss finish. The introduction of chromium- 
copper buttons, which are inserted at intervals in the 
fabricated steel jigs into which the parts to be welded 
The but- 


ton which is readily replaceable has a blind hole drilled 


are assembled, helped to solve the problem. 


in the lower face and this locates one of the welding tips 
of the gun or machine Sesides obtaining a face weld 
the weld pitch is uniform and the appearance of the 
welded structure is improved. This method is illus- 
trated in Figs. 3 and 4. 

The face welding of thin gage mild steel sheet to thick 


FACE WELD 


Method of face welding using chromium-copper 
buttons 


Fig. 3 
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Fig. 4 Face welding side panel reinforcements using 
chromium-copper buttons inserted in the steel jig 


steel frames presented a problem as it is difficult to 
concentrate the welding current through the thick sheet. 
This was overcome by punching a series of holes at 
regular intervals in the thick material and inserting 
steel buttons made from thin gage material. A flanged 
extension round the rim of the button is spot welded to 
the frame member and then the outer steel sheet 
is applied to the framework and face welded through the 
steel buttons. This method is illustrated in Fig. 5 


WELDING PRIMERS 


Welding primers were originally used in America to 
protect from corrosion the inner metal surfaces of spot- 
welded joints. Owing to the increased use of box sec- 
tions in the unitary chassis-body type of construction 
used in Britain, it was essential to obtain an efficient pro- 
tective coating for the inner metal surfaces and also for 
the numerous spot-welded joints. A new type of paint 
was developed which gave the necessary protection from 


\s 

A A 

/ 

a 


ers FACE WELO 
section A-A 


Method of face welding used for joining thick gage 
to thin gage mild steel sheet 


Fig. 5 
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Fig. 6 Flash welds filled by sprayed zine and spray gun 
used for this process 


corrosion and also had the properties of a good welding 
primer. This paint contains zine dust in suspension 
and does not create any welding difficulties even when 
it is allowed to dry on the metal surface, which are sub- 
sequently spot welded. 


FILLING OF WELDED SEAMS 


Welded seams and joints are usually filled with 
solder. In Britain an investigation into other possible 
methods available led to the introduction of the use of 
spraved metal. Zine was selected as being the most 
suitable metal and it can be used to fill seams in any 
welded joint formed by butting the two edges together. 
\fter the welding has been completed all straightening 
operations are carried out on the joint line before shot 
blasting a localized area along the line of weld. Metal 


is then sprayed on the joint and a final disking opera- 
tion completes the process. Figure 6 illustrates the 
method applied to the filling of flash-welded seams on 
the front end of a motor car body. The gun used for 
metal spraying is also shown. This method is also used 
for filling joint lines on wings which are fabricated from 
a number of stampings. In America recent reports sug- 
gest that older methods may be superseded by the use 
of heliare welding. A ductile weld is obtained and 
subsequent hammering may avoid the use of any filling 
material. 


CONCLUSIONS 


1. Great importance is attached to research work in 
America and in the field of resistance welding more 
facilities for research are available than in Britain. 

2. Production quantities are much larger in America 
and multiheaded welding machines are being used in 
considerable numbers. The volume of production and 
in some cases the power limitations have delayed the 
use of such machines in Britain. There has to be con- 
sidered also the problem of controlling the tip diameter 
on multiheaded welding machines. 

3. The Automobile Industry are the largest users of 
resistance welding equipment in Britain and the intro- 
duction of the unitary-chassis body construction has 
been largely responsible for the demand for a higher 
standard of consistency and uniformity of weld strength. 
This “quality” spot welding is now widely used in Bri- 
tain. In America it has been introduced in some fac- 
tories but generally speaking it does not appear to be 
used on such a largescale. 

1. Face welding appears to be in greater demand in 
Britain and new methods have been developed to meet 
the situation. 

5. The filling of welded seams is a matter which re- 
ceives considerable attention and in Britain the use of 


sprayed metal has been succesfully introduced. — In 


America the use of heliare welding has been recom- 
mended. 

The Author wishes to thank the Pressed Steel Co 
Ltd. for permission to publish this article. 


(Continued from page 650) 


Electric Welding, Resistance, Aluminum. Improved Tech- 
nique for Flash Welding Aluminum Tubing, C. Bruno. Steel, 
vol. 126, no. 17 (April 24, 1950), pp. 79-80. 

Electric Welding, Resistance. Spot Welding, A. J. Hipperson 
Welding, vol. 18, no. 3 (March 1950), pp. 112 117. 

Klectro-Hydraulie Stud Welding Head. Engineer, vol. 188, 
no, 4896 (Nov. 25, 1949), p. 623. 

klectrothermal, Electrolytic and Electrostatic Processes, and 
Electric Welding, J. W. Cuthbertson. Instn. Elec. Engrs 
Proe., vol. 97, pt. | (General) no. 104 (Mareh 1950), pp. 43-60 

Jigs and Fixtures. Special Fixture Welds Tractor Hoods, H. J 
Schaefer Am. Mach., vol. 04, no. 9 (May 1, 1950), p. 83 

Locomotive Maintenance and Repair. Repair of Eesometive 
Plate Frames by Metallic Are Welding. Engineering, vol. 169, 
no. 4386, 4388 (Feb. 17, 1950), pp. 177-179, no. 4388 (March ¢ 
pp 251-2453 see also Engineer, vol. 189, no. 1856 (Feb. 17, 1950 
pp. 221-223 

Locomotive Manufacture, Welding. Developments in Loco- 
motive Construction. Welding, vol. 18, no. 3 (March 1950), pp 
118-122 

Materials Testing. Symposium on Effects of Low Tempera- 


64 Simmie— Resistance Welding Sheet Steel 


tures on Properties of Materials. Am. Soc. Testing Materials, 
Philadelphia, Pa. (Dee. 1949), 62 pp., illus, charts, diagrs 
(Special Tech. Publ. no. 78) $1.50. 

Metals Fatigue. Fatigue Strength of Various Details Used for 
Repair of Bridge Members, W. M. Wilson and W. H. Munse 
Ill. Univ.—Eng. Experiment Station — Bul. Series, no. 382 ( Dec 
1949), 58 pp. 

Metals, Hard Facing. Flame Hardening Techniques, F 
MeGuire. Industry & Welding, vol. 23, no. 3 (March 1950), pp 
22-25, 66-67 

Metals. Hardfacing vs. Abrasion, M. Riddihough. Welding, 
vol. 18, no. 3 (March 1950), pp. 109-111. 

Metals, Hard Facing. Mill Rolls Salvaged by Stainless Fac- 
ing. Tron Age, vol. 165, no. 20 (May 18, 1950), p. 94 

Natural Gas Pipe Lines. Underground Aluminum Gas Line 
Industry & Welding, vol. 23, no. 3 (March 1950), pp. 30-31 

Natural Gas Pipe Lines. Texas to Ohio Pipe Line Industry 
& Welding, vol. 23, no. 4 (April 1950), pp. 40-42, 68 

Oxygen Cutting. Shape-Cutting with Electronic Tracer, 
W. O. Springer Western Machy. & Steel World, vol. 40, no. 12 
(Dee. 1949), pp. 88-90 


(Continued on page 656) 


THe WELDING JOURNAL 


er 

i 
{ 
4 
ee 
: 


Automatic Inert-Gas-Shielded Arc-Welding 


Operations 


by H. O. Jones 


RECENT survey of the inert-gas-shielded arc- 
welding process indicates its acceptance by indus- 
try, as a much needed tool for the fabrication of 
harder-to-weld materials. This process is rapidly 

obtaining a prominent position in its sphere of applica- 
tion. To keep pace with these strides, and the de- 
mands of numerous industries, we have introduced to 
the field, mechanical and automatic equipment to 
further assist the industry in higher production and 
greater economies. The introduction of any mechani- 

cal equipment presents new problems in jigs and fix- 
tures. The uniformity of the parts to be welded is also 
of prime importance. We are all more or less familiar 
with the manual operations and the ability of operators 
to correct for forming, shearing and general misalign- 
ment. In mechanical or automatic welding, the factors 
of alignment are of prime importance and require care- 
ful study. Joint design is highly important from the 
standpoint of strength, appearance and finishing. Fix- 
tures must be so designed as to facilitate the rapid as- 
sembly of parts and their speedy removal after welding. 

The fabrication of long or short butt welds can be 
accomplished with suitable jigs and simple mechanical 

Heliweld equipment. This may consist of standard 

cutting machines equipped with water-cooled Heliweld 

Holders. The equipment is inexpensive, and excellent 
welds have been obtained with semiskilled labor 
Similar welds may be accomplished in cylindrical parts 
by mounting the holder in a fixed position and rotating 
the work under the holder Hundreds of these and 
similar applications are in daily operation 

The various welds I have just outlined fall into the 
simple, straight-line weld category. The equipment 
and jigs are readily available and can be assembled by 
the average mechanic 

The next phase of mechanical welding is commonly 
called Contour Welding, and by this we mean that the 

H. O. Jones is with the Technical Sales Dept Air Reduet Sates ( 

New York, N. ¥ 


Presented at the Thirtieth Annual Meeting, AW S., Cleveland, Ohio, weeh 
of Oct. 17, 1949 
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§ Some recent developments and applications of automatic in- 
ert-gas-shielded arc welding to production problems are described 


part to be welded does not follow a straight or horizontal 
line, but may have several compound curves as well 
as several connected elevations. Containers, for exam- 
ple, may be oval or elliptic al in shape or may be a com- 
bination of each. 

To meet this type of fabrication a fully automatic 
Heliweld Head was developed* which will accurately 
weld these contours by automatically controlling the 


With this 


equipment we can follow any change in the contour of 


are length, through an electronic amplifier 


the part, as the head responds immediately by either 
raising or lowering the electrode. By this method we 
are able to control and hold the are voltages to very 
close limits. Therefore, it is possible to weld some of 
the more complicated contours and elliptical shapes 
without the use of cams or other expensive profile 
equipment 

The Automatic Head is self contained and has the 
necessary features for smooth and efficient operation, 

A very recent addition to the Heliweld family is the 
Mechanical Wire Feeder 


fills a wide gap in completing the line of inert-gas- 


This important accessory 
shielded are-welding equipment. This unit can be used 
in conjunction with a standard machine holder, or with 
an Automatic Head. The function of this is to auto- 
matically feed a small diameter wire into the molten 
pool directly under the arc. A variable speed motor 
feeds this wire at speeds which range from 15 to 200 
in. per minute. The operator therefore can control 
the amount of wire deposited, thus governing the size 
and contour of the deposited bead. The use of the 
Wire Feeder greatly broadens the field of inert-gas- 
shielded are-welding application because of its > ver- 
satility of metal deposits The necessity for accurate 
fitups may be relaxed, heavier sections may be welded 
with as much as 50°; reinforcement. The field of 
mechanical Heliweld application is practically unlimited 
in its scope. The process is used in the manufacture 
of products ranging from the smallest hypodermic 


needles to large super jet engines. A large part of 


* “Design Aspects or Inert-Gas-Shielded Arewelding Equipment N. fs 
Anderson Ture Jovana March 1949 
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Setup for Automatic Inert-Gas-Shielded tre Welding 


the welded stainless tubing produced in this country 
is made with mechanical Heliweld equipment. In 
the past three years we have completed a_ vast 
amount of research welding particularly in the alumi- 
num and stainless steel fields. We have found that, 
in welding of light gage tanks, the steel jigs used 
have a tendency to become magnetic with continued 
use. We have further found that these magnetic 
fields vary in intensity and are continually changing 
their position, these fields have a definite bearing on 
are characteristics and the quality of weld. In many 
cases the magnetic influence is strong enough to affect 
the are so as to cause it to wander away from the seam 
being welded. For many years we have been aware 
of the d.-c. influence when using standard electrodes 
and d.-c. power supply and in many cases the a.-c. 
welder overcame many of these objections. We find 
that this field is built up within the jigs themselves 
and by repeated use we have further found that these 
fields increase slowly until a saturation point is reached. 
By allowing the jig to stand idle for several weeks this 
magnetic field slowly disappears until the influence on 


the are is negligible. Research work in connection 


with this allowed us to track down some of this magnetic 


influence with the use of a small 
pocket compass. We were able in 
some cases to mark our jig and deter- 
mine just where the arc interference 
would take place. 
not constant as the opposing fields 
would slowly change, thereby, chang- 
ing our position of influence. Our 
Laboratory tried many devices and 
ways of eliminating this field and we 
finally came to the conclusion that if 
we placed a magnetic field around the 
tungsten of sufficient strength, we 
could overcome by a large extent the 
magnetic influence of the surrounding 


This however was 


jigs. Various types of electromag- 
nets and permanent magnets were 
used and we finally found that by the 
use of permanent magnets made of 
Alnico No. 5 which were incorporated 
in the gas nozzle, we could eliminate 
to a great extent the disturbing in- 
fluence. The magnetic gas caps are 

in use in a great many of our stainless 
steel operations and they have helped to solve many of 
our stainless problems. 

To illustrate a typical example, some manufacturers 
are fabricating stainless steel shells 0.010 in. in thickness 
and 8 in. long. This jig was fabricated of steel with a 
narrow copper bar located on each side of the weld. 
After welding approximately 100 shells, we found that 
the are would wander to one side of the seam. This 
condition gradually increased until his scrap losses 
reached about 30°. We were called to assist him in 
correcting these conditions and with the use of a small 
compass we were able to determine that a fairly strong 
magnetic field had built up in the jig. In this case we 
recommend that wider chill bars be used to break up the 
magnetic field and with the installation of a magnetie 
gas cap we were able to correct the magnetic difficulties. 
This is only one of many such jobs in which we were 
able to correct the magnetic influence by suitable equip- 
ment and proper jig design. 

To those of you who are considering the use of auto- 
matic equipment I would like to caution vou in the use 
in steels adjacent to the weld area, 1 would recommend 
in all cases where d. c. is used as a power source that 
sufficiently large copper or bronze chill bars be used. 
This will materially help welding conditions. 


(Continued from page 654) 
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WELDER AND 


Welding Tubes 


NEW tube mill with an annual capacity of 100,000 
tons of electric-welded steel pipe, in sizes ranging 
from 26 to 36 in., started production last month 
in MeKeesport, Pa., at the National Works of 

U.S. Steel’s National Tube Co. Stock for the mill 
consists of plates from '/, to '/, in. in thickness. These 
plates, whose steel composition runs 0.20 to 0.30 carbon 
and 0.85 to 1.25 manganese, weigh close to two tons 
each. Standard length is 40',. ft. while the widths 
will vary, according to specifications, from 78'/2 to 
110 in. 

The conversion of plates to tubes is accomplished 
in 16 big new machines which are the major units of the 
mill. Ample use of roller conveyors for moving the 
heavy material from unit to unit makes possible an 
assembly-line precision of operation Plate stock is 
first end sheared, then side planed and beveled. After 
edge rolling, the first-forming operation, the plate is 
formed into a ‘“U” by a heavy press. Another press 
further forms the stock into a tube, after which it is 
welded outside and inside. It then undergoes an 
inspection before being expanded in a huge hydraulic 
machine that increases the diameter by actually stretch- 
ing the steel under water pressures up to 3000 psi. On 
the initial order, tubes were formed to 29'/. in. I.D 
and expanded to 30 in. under pressure of 1700 psi. 
From the expander, tubes are beveled and end faced 
They then receive a final inspection by both company 
and customer. 

The plates, which are rolled at the Homestead Works 
of Carnegie-Illinois, another U.S. Steel subsidiary, are 
unloaded in the west end of the new mill into three stock 
piles. Material is started through the plant from a 
transfer car of 10 tons capacity. A 10-ton erane serv- 
ices this area. 

When the transfer car has been loaded, it is rolled 
into line with a conveyor table. Electric magnets 
mounted on a remote-control trolley feed the plates 
onto the conveyor leading to two end shears. These 
conventional down-cut mechanical shears are mounted 
together in line. The sheared plate moves onto a run- 
out table and is then conveyed by drag chain to the 
planer feed table. Here a square-up mechanism lines 
the plate for precision entry into the edge planers 

Each of these machines, set back to back, consists 


of a clamp-down bed and a moving platform, on each 
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of which 11 cutters are mounted. These cutters are 
offset for increasingly deeper cuts and _ beveling 
Plates are discharged from the planers by a pinch-roll 
drive. Clamps on the movable platforms drag the next 
plate into position 

The planed and beveled plate is then run out to 
another square-up mechanism, from which it enters a 
plate edge-forming machine. This consists of three 
adjustable rolls, which give a slight curve to the plate 
edges. From the edge rolls the plate is fed into the 
“U"-ing press by table rolls and a mechanical pusher 
The “U”’-ing press is 41 ft. long and is capable of exert- 
ing pressures up to 2000 tons. Here the plate is 
pressed into a deep ““U” form 

A run-out table then conveys the formed plate to the 
“(’’-ing press. Here again a mechanical pusher feeds 


Fig. 1 Flat steel plate makes a U-turn in a 2000-ton hy- 
draulic press at the new electric welded pipe mill of U.S. 
Steel’s National Tube Co., Mcheesport, Pa. 
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Fig. 2 “Sewing an outside seam” with an electric welding 
machine on a steel pipe 30 in. in diameter 


This large-diameter pipe used in pipe lines for carrying gas is welded 
both inside and outside 


the plate into the machine. The “O’’-ing press, also 
41 ft. in length, is capable of pressures up to 18,000 
tons and forms the plate into a tube which in the indus- 
try is known as a “can.” 

The formed can is pushed out by the next “U”’ plate. 
Pinch rolls feed it onto a conveyor. From the conveyor 
it is kicked to a gravity transfer which is adjustable 
by compressed air cylinders to the rolling momentum of 
any diameter of can. 

By a series of conveyors and skids the can is then 
dispatched to either of two outside welding machines. 
These are submerged twin-are a.-c. fusion welders. 
Both are equipped with gas preheaters. Flux is fed 
from an overhead bin and after the weld, the unburned 
flux is picked up by vacuum and returned to the over- 
head bin for re-use. A rotating disk shears off the 
burned flux which then is also removed by suction into 
a disposal hopper. The can next moves by conveyor 
table to the manual squirt welders where, to assure a 
perfeet weld and penetration on both ends of each can, 
approximately 6 in. of the seam are welded. 

From this area the cans are rolled to two idler con- 
veyors from which they are fed at the operator’s dis- 
cretion to either of two inside welders. Here the can is 
placed weld down on a movable carriage. The inside 
welders, mounted on fixed arms, consist of twin ares 
with d. ¢. on the lead and a. ¢. on the trailing are which, 
like the outside welders, are preceded by gas preheaters. 
A hopper on the end of the weld arm carries sufficient 
quantities of flux for each weld. The inside weld is 
the final operation converting a can into a pipe section. 
Excess unburned flux is removed by suction. 

The pipe is then conveyed automatically to a flux 
remover, Where the burned flux, knocked off by an 
automatic hammer operating on the outside of the tube, 


is removed by a suction cleaner. From here the pipe 
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is again automatically returned by conveyors to one of 
three tables for its first inspection. 

The can is thoroughly examined inside and out and 
any necessary minor repairs to the welds are made. 


Here also minor finishing operations are performed, such 
as chipping and grinding inside welds to customer speci- 
fications for easier field assembly. 

The can then moves to the hydraulic expander. The 
tube is lifted into the machine and a tapered ram is 
inserted in the end of the can. The ends are mechani- 
cally belled by pressure insertion of the tapered ram 
and plug. A rubber gasket seal on the ram insures a 
watertight connection. A four section die, machined 
to the specified finished O.D., is placed around the 
pipe, which is then filled with water. The expander 
machine is capable of exerting pressures up to 3000 psi 

The thickness of the tube walls determines the pres- 
sure applied to expand the pipe up to the specified O.D. 
As the pipe enlarges in diameter it is reduced in length. 
As it reduces in length, the plunger automatically ad- 
vances to maintain a watertight seal. Water pressure 
is then dropped below the yield point of the steel. Two 
end dies are opened and air hammers are struck against 
the pipe for testing. If no leaks appear, the other two 
dies are opened, pressure is again dropped and the entire 
seam is inspected visually for leaks. 

Three centrifugal pumps supply water to the expander 


Fig. 3 Rounding out a large diameter pipe for gas trans- 
mission in an 18,000-ton hydraulic machine 
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Fig. 4 On-the-spot inspection of an inside seam weld Fig. 5 Water pressure expands pipe in the new electric 
in a steel pipe 30 in. in diameter welded pipe mill 
The inspector rides a dolly through the 40-ft. length of pipe with Shown here in the hydraulic expander machine is a pipe that just 
a beam from his flashlight playing on the welded seam has been enlarged. The expander is seen in an open position While 
. curved dies grip the outside of the pipe to control the 
ansion. Strength of the steel is increased by the opera- 
tion which tests the pipe under water pressure 


from a 25,000 gallon reservoir. Pressure is applied Another 10-ton crane services this portion of the millj 
by means of two accumulator systems, one of 3000-lb After passing inspection the tube is ready for shipment, 
and one of 1200-lb. capacity. Water from the expander Welded tubes produced in this plant are shipped by 
is drained into a sump. A lip overflow from the sump gondola and loaded in four tiers of three each. The 
into the reservoir assures scale-free water for the ex- freight car loads are braced on either side with five 
pander. A scale bucket in the sump makes easy the timbers and steel strapping is passed from side to sidé@ 
recovery of scale and keeps the sump clean to hold the pipe in place. The top of the load is bound 
The expanded tube now moves by conveyors to a down with steel cable 

double end-facing machine. Each of the two facers is To provide power for the new mill a transformer sta4 
equipped with three cutters which bevel and face the tion was built. There are three unit substations in the 
ends of the pipe. It then moves to two inspection areas, mill area, two of 1000 kva. and one of 1500 kva 

in the first of which it receives a company inspection and Compressed air for the new mill is taken from the 
in the second a customer inspection. These areas are plant system, but in order to assure sufficient pressure a 
provided with conveyors so that any not passing new compressor was installed to feed into the plant 


inspection can be returned directly to the repair areas system. 


lvdrogen Mav Be Usetul 


R. F. W yer are maintained between two tungsten electrodes. This 


dissociation absorbs a large quantity ol heat which Is 


YDROGEN gas has found wide use as an essen- liberated when the atomic hydrogen recombines into 

tial part of the mechanism of atomic-hydrogen the molecular form. This heat is valuable for fusing 

are welding, as well as a protective atmosphere for metals and provides an extremely effective means of 

preventing the oxidation of are welds during cool- imparting heat to a surface. Experiments show that 

ing. the possible rate of heat input per unit area with the 

In the atomic-hydrogen process, molecular hydrogen atomic-hydrogen arc is almost double the maximum 
is dissociated into the atomic state by the heat of an rate achieved with the oxyacetylene flame 

Wye lo connected with the General Electric Co., Schenectady, N. ¥ With the atomic-hydrogen process, a wide variety of 


Avevst 1950 Practical Welder and Desiqner 659 


4 


metals can be welded without the use of flux. The ease 
with which the rate of heating can be controlled by 
positioning of the are makes it very valuable for the 
fabrication of light gage sections, and as a repair tool, 
particularly in building up molds and dies. Since the 
majority of the heat evolved comes from the are and 
not from the combustion of hydrogen, the hydrogen 
consumption is relatively low and the cost of opera- 
tion is likewise low. 

Hydrogen, as a protective atmosphere, is a useful aid 
in both atomice-hydrogen and inert-are welding. The 
usual practice is to introduce hydrogen into a space or 
groove in the metallic backing supporting the parts 
to be welded. The hydrogen is ignited and burns away 
at the ends of the groove. The hydrogen gas in the 
groove prevents oxidation of the underside of the weld 
as it progresses along the joint, and in many cases re- 


duces oxides that may have been present on the metal. 
This practice results in a uniform cooling rate of the 
weld which minimizes the likelihood of porosity and 
inclusions in the weld by preventing the rapid oxidation 
of the underside of the molten pool of weld metal. 
It so increases the surface tension of the weld metal 
that a pool of considerable size may be carried in thin 
butt joints, and the contour of the reinforcement on the 
underside is excellent. 

For joints which are not supported by metal backing 
strips, hydrogen gas may be employed simply as a jet 
directed on the underside of the metal directly beneath 
the welding are. Since the combustion of the gas 
oecurs only on the periphery of the gas-protected area, 
the air and the water vapor produced by the burning 
do not contact the weld metal until it has cooled suf- 
ficiently to prevent rapid oxidation. 


Shop Produces Tamping Bars 
at Low Cost 


High-quality ballast tamping bars are produced by 
Oxyacetylene pressure welding in one shop to save forg- 
ing and machining costs. A completed bar is shown in 


1. 


Fig. | Ballast tamping bar produced by oxyacetylene 
pressure welding 


Pressure welding is done in a machine developed by 
the shop. An oxyacetylene ring burner is used to apply 
the heat and an hydraulic ram supplies the pressure. 

The first step in the operation is to upset a collar on 
the bar. This is done in about 2!) min. in the machine 
at 2200° F., and 3000 psi. After the collar is upset and 
ground smooth, the end of the bar-——where the weld is to 
be made—-is saw-cut and the fresh surface greased. A 
number of bars are prepared in this way, then stored 
until they are ready to be welded to the blades. 

Blade stock is 0.35°7, carbon steel, cold sheared 
shape from long flat stock. The end of the blade is also 
cut and greased to prevent rusting prior to welding 

When a supply of bars and blades has been made, the 
weld is made in the pressure-welding machine. First, a 
degreasing solvent is used to remove grease from the 


Data and photos courtesy The Linde Air Products Co. New York, N.Y 
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Fig. 2 Oxyacetylene pressure-welding machine makes the 
welds in about 3 min. 


ends of the bar and blade. Then the ends are butted 
together and clamped in the machine under an initial 
pressure of 1000 psi. Oxyacetylene flames, from the 
ring burner, heat the joint to a temperature of about 
2200° F., then a final pressure of 3000 psi. is applied, 
Fig. 2. This takes about 3 min. 

After the weld is made, the bars are placed in lime to 
The bars are ground smooth, and the 
Bars are then 


cool slowly. 
blades bent about 20° with a special die. 
normalized. They are heated to about 1500° F., then 
allowed to cool in air. 

The shop makes about 125 of these bars per day. 
This same economical method is also used to make many 
other tools. 
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llints for Pipe Layout 


® How to make square or curved 
turns when you work with pipe 


by H. P. Martin 


NYONE who works with pipe only occasionally 

should find this simple layout method a_time- 

saving way to lay out bends of any angle, and 

any number of segments to make useful equip- 
ment. 

Make a full-size drawing of the pipe on a piece of 
brown wrapping paper or even a piece of cardboard 
or wood. The diameter of the pipe is the only measure- 
ment you need. Follow these sketches as a guide 

Figure 1: Draw the pipe as though it were a flat piece 
of steel. Draw the diameter full size then draw in the 
centerline 

Figure 2: Now draw the joint as you want it to look 
after you make the turn. The centerline “F” should be 
an extension of the diameter. Letter points A, B, C, 
and D 

Figure 3: Now join points Aand C. This is the line 
you will cut. Lay the pipe over the drawing and 
mark the points A and C on the pipe and draw the line 
AC all the way around the pipe 

Figure 4: You are now ready to cut the pipe. This 
is called a 45° miter cut. Use the same nozzle and the 
same flame adjustment as you do for steel plate of the 
same thickness. But hold the blowpipe as you would a 
saw. You can bevel the pipe afterward if the pipe 
thickness requires it 

Figure 5: Now you have two sections of pipe as 
shown in “A” above. Rotate one section 180° and you 
will find that the ends fit perfectly to form a right angle 
If you got off the line when you made the cut you may 
have a slight gap when vou fit the pipe together. But 
this is not serious because you can fill up empty space 
with welding rod metal Now make the weld 

Figure 6: On some jobs you may not want to make 
a turn of 90°. If the turn should be less, 45° for ex- 
ample, do it as shown above. Make the same full- 
sized drawing as you did in Fig. 1 but instead of extend- 
ing the diameter to form the centerline “F”’ as vou did 
in Fig. 2 locate 45° to centerline “FE.” Draw a line, 
as shown above, and use this as your centerline “F.” 
Now draw in the pipe, using the actual diameter 
Draw the line A C, lay the pipe on the drawing, and 
mark line A C on the pipe. Make the cut as vou did 
before and rotate one section 180°. Now you have a 


45° bend in the pipe 


H. P. Martin, The Linde r Pro t ) emphis, Tennessee 
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\ 
A) Rotate This Section 
180 Degrees 


Weld Here 


Fig. 8 This welded play swing was made from used pipe 


. Figure 7: Some pipe must be bent gradually. This 
Center Line E means that you must put together two small angle turns 
/ like the one shown in Fig. 6. Make both cuts and ro- 

y tate each section 180° and you will have a 90° turn. 


aN é 0 NOW USE THE PIPE LAYOUT METHOD 
raN TO MAKE THIS PLAY SWING 

\ If there is any piece of playground equipment which 
school children of grammar school age like better than 
a swing, it hasn’t yet been developed. A welding opera- 
tor appreciated this fact. A member of a service club, 
he suggested that the club build a play swing for the 
neighborhood children. The members approved his 
idea, and made a swing without too much damage to 
the club treasury. 


The swing was made from used pipe. It is about 40 
ft. long, 12 ft. wide, and 12 ft. high 
Two pieces of 3-in. pipe make up the main cross 
. member. It is held together by fittings; three-way 
Diameter fittings on the ends, nts two-way fitting in the center. 
os SS ; Setscrews in the fittings hold the 2-in. pipe legs fast. 
This There are three swings evenly spaced on each side 


Section to 
45° of the center legs. Clamps made from x l-in. strap 
> fae This Position iron hold them in place. 


Most of the swing was assembled on the ground. 
The clamps were slipped over the cross member, and 
the fittings were welded in place. All but the two 
end legs were then fitted. These were fitted after the 
structure was set upright. 


Rotate This Section 
This Position~__ 


The swings were then hung, and after the entire 
structure was assembled, it was set in concrete footings 
S hooks were used to fasten the swing links to the seats 
and clamps. 
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exas Auto Tunnel 


HOUSANDS of motorists soon will speeds of rotation from any working posi- used a novel method of bringing electric 
be spinning along under the Houston, tion inside or outside of the shell power to the automatic welding heads 
Tex. ship channel on a new section of The Consolidated Western Steel Co. has The power lines are brought through open- 
the Baytown-Pasadena Highway But 
few of them will know that the round steel 
shell protecting this tunnel was floated 100 
miles through the Gulf of Mexico from 
Orange, Tex., where sections were spe- 
cially welded for the job 
Before the journey, sections are joined 
by manual welding until a tunne! section 
300 ft. long is completed A watertight 
bulkhead weighing 44 tons is placed at 
each end and 75 tons of steel reinforcing 
rods are stored in the bottom of the sec- 
tion for ballast while towing to jobsite 
Nine of these 300-ft sections will be 
skidded down ship's ways into the Sabine 
River at Orange to begin their voyage 
down the river and through the Gulf to 
the jobsite about 125 miles away. There 
the sections will be tied along an outfitting 
dock and all interior concrete work will he Fig. 1 A ponderous 31-ton section of the tunnel shell is moved to the turning 
completed. Each section is then towed to rolls 
its final destination and separately sunk These rolls are provided with the necessary adjustable roller speeds to allow the 
into an underwater canal previously for the inside and outside aut 
dredged across the Houston Ship Channel 
While under construction in Orange, 
Tex ’ the in thick shells are tac ked to- 
gether into 20-ft. sections and moved by 
cranes tospecial automatic welding turning 
rolls specially built by Worthington Pump 
and Machinery Corp. These turning rolls 
rotate the 3l-ton sections at the desired 
welding speeds for the inside and outside 
automatic welding of the circumferential 


tacked seams 


The turning rolls were manufactured 
under specifications drawn up by David 
H. McDermott, superintenden of large 
assemblies for the Orange, Tex. plant of 
Consolidated Western Steel Co. W 
Brandt, of Big Three Welding Equipment 
Co., Beaumont, Tex., suppliers of the turn- 


ing rolls in this area, worked with Mr 
MeDermott in bringing this job to a con- 
clusion 

These turning rolls consist of five-power- 
driven, rubber-tired rollers with a 10-in 
face and a 22 in. diameter and five similar 
idler rollers. A 3 HP motor, together 
with a Model C Worthington Allspeed 
Selector provides adjustable welding speeds 
from 3 to 27 in. per minute \ separate 5 : 
HP gear head motor drive provides roller a 
speeds of 100 in. per minute for fitting up > * So 
and final testing of welds. All push but- 
tons are of the pendant type attached to Fig. 2 Workers weld together a giant 20-ft. section of the tunnel aided by the 
special automatic welding turning rolls 


Stiffmer rings and a natic stays are used to keep the 36-ft. diameter shells as nearly round as 
tor can start-stop-reverse or change possible 


75-ft. long rubber cords so that the opera- 
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ings in the stay supporting plates at the 
center of the shell 
the desired welding speed in one direction 
by the power drive on the rolls and the 
automatic welding head travels at the same 
speed in the opposite direction. Using ferential seam. 
this method prevents tangling or twist- 
ing the power lines and allows for con- 
tinuous rotation of these shells in either against it 
direction 

The large framework shown around the 
outside of the shell is supported on rollers 
and can be moved to the desired position 
over the outside circumferential seams 
being automatically welded, making it 
convenient for the operator to inspect and 
control the sutomatie welding process. ing speeds 
Again the shell is rotated at the desired 
welding speed by rolls and the automatic 


welding head travels in the opposite direc- 
The shell is rotated at tion. Using this method means that the 
automatic welding head remains in prac- 
tically one fixed position during the auto- 
matic welding of the complete cireum- 


Each circumferential seam is tested for 
tightness by having compressed air blown 
The shell is rotated by the 
rolls during this process. The 100-in. per crete is then forced through fittings 
minute roller speed is utilized at this time 
to quickly bring any imperfect spots or voids. Finish concrete is then completed 
sections of the weld into a convenient 
working position without the delay that 
would otherwise be experienced if the shell 
could only be rotated at these lower weld- 


by means of a 5-in. pin slipped through 
matching cast-iron lugs installed while sec- 
tion was on the building ways at Orange. 
Trenie Concrete is then poured around the 
actual joint, after which the watertight 
bulkheads between sections are removed 
by acetylene torches. A '/,-in. steel band 
19 in. wide is then welded across the actual 
joint on the inside, and additional con- 


installed in this band to fill any remaining 


in the tunnel. Actual fabrication started 
at Consolidated’s plant in Orange on 
March 15, 1950; the first section was 
launched May 15th and the final section is 
scheduled for launching in October of this 


The 300-ft. sections are joined together year. 
under water as cach is placed in position 


by A. U. Welch 


SE metal nozzles whenever possible, rather than 
jceramic nozzles, particularly at currents below 50 
Jamp. The slight porosity and water absorption 
of ceramic nozzles may cause are instability and 
control chattering at low current. Metal nozzles may 
be safely used with Inert-Are welders but not with con- 
‘tinuously operating high-frequency units. When start- 
ing to weld with ceramic nozzles, hold an are on a piece 
of serap for several minutes to heat up the nozzle and 
drive out moisture. 

Use the low currént (150 v.) connection whenever 
the welding current required is within its range, as the 
arc starts faster and is more maneuverable. Use only 
this connection for copper and similar metals. 

Remember that aluminum carries heat away from the 
Molten pool rapidly. Use enough current to start a 
good-sized pool of mclten metal quickly and, with 
argon gas, use as small a tungsten electrode as will 
‘arry the current without dripping. Use about 2 amp. 
per 0.001-in. thickness of 28 or 35 aluminum up to '/s in. 
thickness as a rough guide for trying out a job. 

Keep as short an electrode extension beyond the 
nozzle as possible. It will save a lot of expensive gas. 
Skilled welders soon learn to operate by the light re- 
flected from the metal. It isn’t necessary to see much 
of the are. 

The tungsten electrode should be bright shiny metal. 
Blue, vellow or brown discolorations are caused by 
tungsten oxide. Oxidation may increase tungsten 
consumption as much as twenty times; will cause dirty 
welds and, in extreme cases, will cause are instability. 
Check for tightness of gas connections and make sure 


A. U. Weich, Welding Division Engineer, General Electric Co 
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Tips for Kasy Inert-Gas-Shielded Arc Welding 


and Designer 


that gas relays do not shut off until tungsten is cold. 
Electrode holders designed for short tungsten extension 
from collet cool tungsten quickly and reduce gas re- 
quired for shielding it at the end of a weld. 

Keep gas flow to the minimum required for clean 
welds. Excessive gas is costly and may cause are in- 
stability at low currents. On aluminum, excess argon 
gas flow is indicated by wide white stripes alongside 
the weld, or white, frosty appearance of the weld. Use 
a flowmeter. 

On Idlematice-controlled welders, be sure to hold 
tungsten against the work for at least two seconds at 
You can't 
get a clean start unless the gas has had time to clean all 
the air off the metal. 

On work where appearance is important, touch the 
electrode to the work with your helmet up; hold it while 
dropping the helmet; then lift the electrode slowly. 


Pressure gages are misleading. 


‘ach start (longer after a long shutdown). 


This will avoid scars from inaccurate, blind starts. 

Check for water seepage or condensation if you can’t 
find other reasons for dirty welds or fluttering ares. A 
trace of moisture in the gas will cause dirty welds, are 
instability and control chattering. Also check for 
momentary water pressure fluctuation causing pressure 
switch to drop out control. 

Inert-Are welders work beautifully for ordinary 
metal-are welding. They are particularly good for low- 
current welding because of the ease of arc starting. 
Even an inexperienced welder can start exactly where 
he wishes, by using the technique of touching with the 
helmet up. Use an ordinary electrode holder with cable 
bolted to the electrode lead blade. If welding at over 
100 amp., connect a water hose to the electrode lead 
screw fitting, to cool the welder are starter coil, or leave 
the Inert-Are electrode holder connected and hung 
up out of the way. 
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aetivities relat 


ed events 


Recommended Practices for 
Resistance Welding 


A new, revised and enlarged edition, 60 
pages, of the Recommended Practices for 
Resistance Welding has just been pub- 
lished by the American We Soct- 
eTy. This new edition represents a modi- 
fication and expansion of the Standard 
originally issued in tentative form in 1946 


Included are welding schedules 
and seam welding mild and medium car- 
bon steels, low-alloy steels, stainless steels, 
nickel, Monel, Inconel and magnesium 


or spot 


alloys 
Recommended practices for projectivn 
welding cover low-carbon and stainless 
steels. Flash welding data is provided for 
low and medium forging strength ste 
The section on methods of testing resist- 


ance welds includes the new peel test and 
an expanded discussion of the control of 
resistance weld quality by statistical 
methods. Other methods of test for which 
the Standard specimen, me thod of testing 
and evaluation of results are given include 
the tension-shear test, cross and U-tension 
tests, shear and drop impact tests, fatigue 
test and twist test The standard pillow 
test for seam welds is also described 

ich 
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Copies may be obtained at $1.00 ¢ 


from the AMERICAN WELDING Society, 
W.. 39th St., New York 18, N. ¥ 

The usual discounts of 25% for A & B 
members and 15% for C members of the 


Sociery apply 


American Standards for 
Abbreviations, Symbols, and 
Charts 


Title of Stzndard Price 
Engineering and Scientific Graphs 
for Publications (Z15.3-1943) 

tesflirmed 1947 $0 90 
Engineering and Scientifie Charts 
for Lantern Slides (Z15.1-1932 


tea ffirmed 1947 0 60 
Time Series Charts (Z15.2-1938 
teaffirmed 1947 1 50 


Abbreviations for Scientific and 
Engineering Terms Z10.1 


1941 0 45 
Abbreviations for Use on Draw- 

ings (Z732.13-1946 1 00 
Drawings and Drafting Room 

Practice (Z14.1-1946 150 


Graphical Symbols for Use on 
Drawings in Mechanical Engi- 
neering (Z32.2-1941 0 60 


1 hinder is now available for holding 


standards publications comple ted from time 
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to time under the procedure of the American 
Standards Association This “American 
Standards” hinder qives every advantage of 
a bound book together with the added conven- 
tence which comes from the alnlity to in- 
stantly insert, remove or transpose sections 
of the contents Price, $2.25, postpaid 
Available through imerican Society of 
Vechanical Engineers, 29 W. 39th St., 
Vew York 18, N. 


Special Design Session 


\ special Design Session has been sched- 
uled for Tuesday Afternoon, October 24th, 
at the %ist Annual Meeting at Chicago. 
The objec tive of the session isto show how 
better welding design can improve prod- 
ucts and lower costs 

At a special luncheon preceding the 
meeting, G I Nordenholt, Editor, 
Product Engineering, will speak on the 
economies that result from good welding 
design. Following the luncheon three 
papers will be presented, the first on the 
qualification of a welding designer by T 
J. Crawford, Consulting Engineer the 
second by Kenneth Jackson, Caterpillar 
Tractor Co., will show how significant 
cost reductions and product improvements 
have been made, and the third on the prin- 


ciples the welding desig 
mind will be presented by R. H. Benne- 
witz, The Linde Air Products Co 


er must keep in 


Annual Meeting Registration 
Fee 


\ registration fee of $1.00 to members 
and $2.00 to nonmembers will be charged 
for attendance at the 3lst Annual Meet- 
ing of the AMERICAN WELDING Society at 
Chicago during the week of October 22nd 
Thi wtion has been taken reluctantly 
but it has become necessary to partially 
offset the anticipated reduction in income 
o the Soctery from the National Me 
Exposition It is believed that those 


al 


ittending the meeting receive additional 
benefits that greatly exceed the cost of 
the nominal fee to be charged The ne 
tion is in line with that taken by many 
other technical societies which have 
found it necessary to charge registration 
ees as a means of meeting the higher costs 
of conducting their Annual Conventions 


Annual Meeting to Feature 
President’s Reception 
The President's Reception on Sunday 
Afternoon, October 22nd, will be the 


prine ipal social event of the AMERICAN 
WELDING Socrery’s 3ist Annual Meeting 


Society Actirnities and Related Events 


at Chicago. No annual dinner will be 
held this year and plans are underway 
to make the teception in outstanding 
event of the Convention 

The decision to omit the wmnual dinner 
from the program was influenced by two 
factors: the high costs, and the LIM PpOssi- 
bility of scheduling the dinner without 
competing with other important conven- 
tion and exposition events 


Executive Committee Meeting 


An Executive Committee meeting was 
held in Room 608, Engineering Societies 
Building, N.Y.C. on April 26, 1950, with 
the following in attendance 

Vembers ©. B. J. Fraser, Chairman, 
D. Arnott, R.S. Donald and H. W. Pierce 

By Invitation: R.M. Gooderham, J. B 
Tinnon and A. C. Weigel 

1.W.S. Staff: J.G. Magrath and F. J 
Mooney 

Member Absentees were H, ©. Hill, T. B. 
Jefferson and C. H, Jennings 


Report of Spee al Committee on klection 
Procedure 


A. C. Weigel, Chairmar 
mittee on Election Procedure reported as 


Special Com- 


follows: 

This committee, consisting of Messrs 
A. C. Weigel, M. 8S. Shane and J. B 
Tinnon, offers the following suggestions: 

It is the opinion of this Committee that 
certain changes are advisable in our pres- 
ent Constitution and By-laws regarding 
the selection of the Nominati 
tee 


Commit- 


The by-laws should be hanged or 


amended to require eight (8) members on 


the Nominating Committee, all of which 
are selected by the President One is the 
Chairman, who is a past-president, but 


of the Board of 


Directors, the seven (7) other candidates of 


need not be a 


the Committee shall be selected based on 
their knowledge of the membership of the 
Society and their ability to pick men of 
the qualifications required for the respec 
tive offices and so far as possible shall be 
geographical 

tion of these eight (8 indidates by the 
President, with the approval of the Board, 
their 1 
as nominees for the Nominating Commit 


ames shall be entered on the ballot 


year and voted upon 
in regular election 

After the selection of the Nominating 
Committee, we feel that their work and the 
f election should be changed. It 


is our suggestion that the Nominating 


methor 


Committee be instructed to meet on a 
certain date and make their recommenda- 
tions for National officers. This report 


665 


{ 
4 
2 
: 


+ 


T INDEX 10 ADVERTISERS 

k (} Q A | Air Reduction Sales Co. Outside back cover 

F All-State Welding Alloys Co., Inc 678 

This fast, highly practicable and eco- 
* nomical source of gamma radiation is 

‘ American Chain and Cable Co , 673 
4 now freely available. Orders for any 

> American Manganese Steel Division . . 677 
+f amount can be filled promptly for 

. Anti-Borax Compound Co., Inc 679 

a INDUSTRIAL Bastian-Blessing Co 674 

The Burdett Oxygen Company 697 

RADIO(C RAPH Y The Champion Rivet Company 676 

Eastman Kodak Company 689 

of Eldorado Mining & Refining Ltd 666 

General Electric Co 693, 694, 695 


HEAVY METAL Hemischteger Corporation 


Haynes Stellite Division, Unit of Union Carbide 


CASTINGS, and Carbon Corp a 


Hobart Brothers Company 


WELDMENTS, The International Nickel Co., Inc ian 


The Lincoln Electric Company 669 


P| PES- ETC The Linde Air Products Company, Unit of Union 
Carbide and Carbon Corporation 6927 


PR. Mallory & Co., Inc 625 


Less costly than radium, Eldorado High Ietal & Thermit Corporation 624 

Specific Activity Cobalt 60 is ideal for Metal Show 601 

use where short exposure time and 668 


small focal spot are desirable. 


Page Steel and Wire Division 673 


For further in ‘ormation and manual on The Reid-Avery Company 


Cobalt 60 and radium in industrial Tube Turns, Inc 698 & 699 


radiography, write to Dept. Z, 


Tweco Products Comp any 


Union Carbide and Carbon Corp nde 
Air Products Company, Unit 627 
p 


=ELDORADO MINING & Haynes Stellite Division 671 
Vict r Equi me 2 mpany nside fr nt cover 

RADIUM REFINING (1944) LTD. 
J. H. Williams & Co 79 


P. 0. BOX 379 OTTAWA, CANADA 


Tue WeLDING JOURNAL 


666 


: 

675 
| 
670 
| 


AC Arc Welders 


Turn the heat the work! 


Exclusive Dial-lectric control saves time 
and motion, cuts your welding costs 


P&H built-in remote control puts heat selection just where your op- 

erators want it — at the work. Walking time is turned into welding 

time. Mount the welder on the wall—save valuable floor space. Welding 

hess is faster, sounder, better looking. Production goes up, costs go down. 

Additional features are: Easy quick-start arc. Elimination of arc 

eS Reng Sy — a blow. No moving parts to cause delays or maintenance expense. High 
electrical efficiency that reduces power costs. NEMA rated. 


The only Complete Line of AC See your P&H representative or distributor for full details. 
Welders with Dial-lectric Control ; TEAR OUT THIS COUPON AND MAIL TODAY 
Also complete line of High-Frequency Machines WELDING DIVISION 


Mease send me additio 
4849 Ave Plea od me additi nal 
Range 30to 275 amps Range 20to 190 amps Milwovkee 14, Wisconsin Showing 
4 welders cut weld- 


HARNISCHEEGER 
top-quality 
on npany Title 
- = Home 
Business 


( ) State ee 


Excavators + Overhead Cranes + Hoists Crawler and Truck Cranes + Diesel 
Cane Loaders Pre-assembled Homes 
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shall be published in Tue Weipine Jour- 
NAL along with the qualifications and other 
information covering the candidates. 

“The members shall be advised that 
other names may be qualified as nominees 
by a petition signed by at least 250 voting 
members, which petition shall be sent to 
the Nominating Committee at the Soc1- 
eTy’s headquarters, to be received not 
later than 30 days after the date of the 
Nominating Committee's report, and if 
found in order, their names will be added 
to the ballot. 

“The petition referred to above, cover- 
ing a candidate other than recommended 
by the Nominating Committee, shall be 
accompanied by information regarding his 
qualifications for the office for which the 
petition wishes to nominate him. This in- 
formation shall then be published by the 
Nominating Committee in a subsequent 
issue of Tue JourNAL, in the 
same manner as that covering candidates 
recommended by the Nominating Com- 
mittee, 

“It is the understanding of the Com- 
mittee that our duties referred only to the 

Bons, al elections and not to section elee- 

- However, our suggestions would in- 

rporate changes in the by-laws and also 

doubtedly certain changes in the 
ethods of election in the sections. 
“The Committee feels that there is no 
vantage for the Nominating Committee 
recommend more than one nominee for 
ch office, additional nominees appearing 
ly And petition. 
: As to qualifications of officers, for 
4 


60 E. 42nd St. 
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EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE COMPANY 


either national or section, it is hard to set 
up any qualifying rules, but the Nominat- 
ing Committee should make a study of the 
requirements of the various offices and 
should give consideration to the fact that 
successful operation of a section or the 
national SocreTy requires executive ex- 
perience and ability, depending upon the 
office to which the man is nominated. 
Also in picking a Vice-President of the 
Society, the Nominating Committee 
should always have in mind that the Vice- 
President in all probability will become the 
chief administrative officer of the Society 
in due time. Past experience as section 
officer and director need not be required, 
although it may be very helpful to his 
office. We feel the responsibility of know- 
ing how sections work, etc., be the job of 
the now full-time secretary, and that he 
inform the officers properly. 

“The Committee feels whatever method 
is used in selecting officers that the Society 
seek the candidate and not the candidate 
seek the office. 

“The decision of a Nominating Commit- 
tee should carry some weight and be re- 
spected or abandoned as a method of 
selecting proper candidates. 

“This Committee feels that since some 
amendments have been made, other por- 
tions of the by-laws have been affected and 
not properly changed. The existing By- 
Laws Committee should review the Con- 
stitution and by-laws.” 

After reviewing this Committee's report, 
the Executive Committee slightly adjusted 
the text of the report as follows: 


IN THE RED DRUM 


A Division of Air Reduction Co., inc. 


Society Activities and Related Events 


and CUTTS 


Par. 4——Second sentence which reads: 

“It is our suggestion that the Nominat- 
ing Committee be instructed to meet on a 
certain date and make their recommenda- 
tions for National officers.” 

to read: 

“It is our suggestion that the Nominat- 
ing Committee be instructed to meet 
within a certain date and make their 
recommendations for National officers.” 

Par. 5—-which reads in part: 

“to be received not later than thirty 
days after the date of the Nominating 
Committee's report.” 

to read: 

“to be received not later than thirty 
days after the date of publication of the 
Nominating Committee's report.’ 

Upon motion, duly seconded, the Execu- 
tive Committee referred the Committee's 
report to the A.W.S. Constitution and 
By-Laws Committee for preparation of a 
formularized change and to render report 
back to the Executive Committee and the 
Special Committee on Election Procedure 
for approval thereon 

It was deemed advisable not to dis- 
charge this Special Committee until after 
report by the Constitution & By-Laws 
Committee has been reviewed and ap- 
proved by the Executive Committee 
Report of Special Committee for Study of 

National Headquarters’ Housing 

R. 8. Donald, Chairman, Special Com- 


mittee for Study of National Head- 
quarters’ Housing, reported that the rental 
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“pe 


SURFACEWELO} 


FACEWELD 
12 


For extreme abrasion this mining 
drill is hardsurfaced with ~ Tung- 
wrid”. 


For exceptional service this 
stamping die is hardsur- 
faced with” Tootweld A& O”. 


TOOLWELD 
60 or“A & 


ABRASOWELD 


For severe impact and mederate 
abrasion the life of dipper tecth 


is increased with “ Abrasoweld”. 


MANGANWELD 
or “BY” 


STAINWELD 


For moderate 
impect ond 
abrotien drag 
chain link ts 
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HARDWELD 
100 


built up with 
“Hardweld 
100”. 


HOW TO SAVE 35¢ ON EACH ELECTRODE DOLLAR 
and get longer hardsurfacing wear 


your electrode costs an average of 35°%. 


B using Lincoln hardsurfacing you can cut 
That’s because Lincoln hardsurfacing electrodes 
not only sell for approximately one third less than 
other makes but give you longer wear, according 
to user reports. 

From Lincoln's complete line, you are sure also 


of getting the correct hardsurfacing material for 


GET 
THE FACTS 


every job. Each of the 12 job-dev eloped electrodes 
has been designed to fulfill a specific range of 
service. Thus, there is no need for any compromise 
between hardness for wear resistance and tough- 
ness for impact. 

Why not investigate these costs-aving advan- 
tages now. Write for your free, handy Lincoln 


bulletins on hardsurfacing. 


Send for free Lincoln Bulletin 466, Weldirectory for Hardsurfacing 
and Bulletin 469, Hardsurfacing Guide. Write 


THE LINCOLN ELECTRIC COMPANY 


Dept. 98, Cleveland 1, Ohio 


Sales Offices and Field Service Shops in All Principal Cities 
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RESISTANCE TO IMPACT — 
INCOL 


price, per square foot, of other office build- 
ings in the New York City area is higher 
than the Soctery is currently paying. He 
stated that office locations outside of the 
City are either unavailable or unsuitable 
for Soctery activity. 

A major item to be considered is the 
matter of personnel. If the Soctery were 
to locate itself away from New York City 
(midtown area), it was believed that loss 
in the Soctery’s personnel would greatly 
affect the successful operation of the 
Socrery and therefore such a move may 
prove to be detrimental. 

It was observed that our present location 
is ideally situated for place of meetings in 
that invariably a sufficient number of 
members can get to New York to attend 
these meetings and by so doing constitute 
a quorum, 


A.W.S. Student Chapter at Kansas State 
College 


Kansas State College, located at Man- 
hattan, Kan., having met all the qualifiea- 
tions necessary for the establishment of a 

udent Chapter at their College requested 

at formal authority to operate as the 
unsas State College Student Chapter of 

AmertcAN Wenping Sociery be 
anted them. 

Upon motion, duly seconded, the Execu- 


dv Committee so approved. 


ynadian Welding Bureau Course 


R. M. Gooderham, General Manager, 
unadian Welding Bureau, presented a 
an to the Executive Committee covering 
«© promotion and operation of a welding 
yurse which would not involve the A.W.S. 
any expense whatsoever but would in- 
re that such a course was offered under 
e auspices of the A.W.S. Mr. Gooder- 
um stated that this course would allow 
e Socrery considerable advantages of 
oth a tangible and intangible nature. He 
ould buy the rights of the course from 
e Canadian Welding Bureau and finance 
xd operate the project on behalf of the 
.W.S. by arrangement with the Canadian 
elding Bureau. To accomplish this, he 
Would: 
l Revise the present course to suit 
U. S. conditions 
2. Publish it in the United States under 
the Canadian Welding Bureau copyrights 
3. Establish an office as near as possible 
to the A.W.S. in New York for the pur- 
poses of promoting and operating the 
course 
4. Promote the course by direct mail 
and other media 
5. Visit, as necessary, the various chap- 
ters of the Socrery for the purpose of 
eliciting their support and promotional 
activity. Employ others for the same pur- 
pose to directly solicit registration in the 
course to whatever extent is required 
(a) mail 
correct” exercises, 


6 Do what is necessary to: 
the course lessons, (hb) 
(¢) send out corrections and student grad- 
ings at intervals and, (d) print and issue 
diplomas, ete 

Mr. Gooderham reported that: 

“All the above would be earried on as an 
A.W.S. activity using the Socrery’s 
address, letter paper, ete. He and his 
staff would virtually become, for a time, 
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part of the A.W.S. and subject to the prin- 
ciples and objects of the organization. 

“The selling of the course would be done 
largeiy by sales teams made up by the 
local chapters. Experience has shown that 
it is easier to sell courses to firms rather 
than individuals and the time and effort 
involved is not so great. Most firms spend 
thousands a year on welding labor, ma- 
terial and overheads and accordingly con- 
sider an investment of a few hundred dol- 
lars to train their personnel in better weld- 
ing practices and production methods to 
be well warranted. Naturally many in- 
dividuals will take such a course on their 
own initiative and at their own expense but 
the solicitation of these is mostly by direct 
mai! or through announcements in trade 
papers and technical journals. 

“The following Scale of Fees is proposed: 
(1) $40 for course only; (2) $50 for course 
and A.W.S. “C”’ membership; (3) $55 for 
course and A.W.S. “B’’ membership; (4) 
$30 to participants entered by Supporting 
Member firms and (5) $30 to participants 
entered by Sustaining Member firms. 

“Thus it will be noted that there is an 
advantage offered to Supporting and Sus- 
taining firms and a considerable induce- 
ment to companies to become Supporting 
Members of the Socrery. As a conse- 
quence the number of such firms should 
considerably increase as well as the number 
of individual members in other categories. 

“Undoubtedly a number would fail to 
take advantage of the membership in- 
cluded in (b) and (¢) and would subscribe 
for the course only. To repay the local 
chapters for their efforts it is proposed 
that they should receive $3.00 from each 
such $40 fee. Further this would apply to 
all participants under this category enter- 
ing from the chapter's territory whether 
solicited by chapter members or not. 

“There is not only a monetary induce- 
ment to obtain an A.W.S. membership by 
taking out (5) or (c) but in addition mem- 
bers of the Socrery would be entitled to 
participate in ‘study groups’ which it is 
expected each chapter would form for the 
purpose of assisting students with the 
course. Experience has shown that such 
groups meeting at intervals of two or 
three weeks with leaders familiar with the 
lessons under review have been particu- 
larly helpful. Entrants from Supporting 
and Sustaining Member Firms would be 
privileged to participate in chapter study 
groups. 

“Present members of the Socrery taking 
the course would have their membership 
renewed for one year 

“He will undertake to promote and oper- 
ate the course on behalf of the A.W.S. for 
a period of three years after which time 
the copyright will become the property of 
the A.W.S. providing the course has shown 
a net profit over that period of 10% of all 
invoices rendered, Otherwise he will be 
privileged to continue on the same basis 
until such a profit has been attained.” 

Members of the Executive Committee, 
after being acquainted with Mr. Gooder- 
ham’s plan of operation to sell the course 
in the United States, suggested that he 
commence his activity in the Great Lakes 
area including the cities of Detroit, Erie 
and Buffalo as these cities are the points of 
greatest industrial concentration Mr 
Gooderham was informed that he should 


Society Activities and Related Events 


not anticipate very much support from the 
local A.W.S. sections as their time is al- 
ready well consumed in the normal! opera- 
tions of a section. 

Mr. Gooderham’s plan of selling the 
welding course in this country met with 
the approval of the Executive Committee. 
He stated he will furnish the Soctery with 
a contract, in legal form, which contract 
will be referred to the Soctpry’s attorney 
for comment and then to the Board of 
Directors at its next meeting for considera- 
tion and approval thereon. 


Recommendation that the Society's By-Laws 
Be Reviewed by the A.W.S. Advisory 
Committee of Past-Presidents 


It was the opinion of the attending 
Executive Committee members that there 
is a definite need for a selected group to 
carefully review and broaden the Soct- 
ETY'S By-Laws wherever found advisable 
Accordingly, the Executive Committee 
voted to recommend to the A.W.S. Con- 
stitution and By-Laws Committee that the 
A.W.S. Advisory Committee of Past- 
Presidents be activity. 
Comments received on this matter from 
the Constitution and By-Laws Committee 
are to be submitted to the Board of Direc- 
tors for approval 


assigned — this 


Appointment of National Membership 


Committee 

At an Executive Committee meeting on 
January 24, 1950, the Executive Commit- 
tee approved of change in the Society's 
By-Laws relative to the appointment of 
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“CONNECT WITH TWECO” 


CABLE SPLICERS 


A permanent splice to repair broken weld- 
ing cables. Install with a wrench (or solder 
if desired) for a quick and efficient con- 
Insulated with a tough fiber 


3 sizes for cable #6 through 4/0. 


nection. 


sleeve. 


Use TWECO cable connections to improve 


your welding efficiency. 


WICHITA, KANSAS 
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Increase the life parts 


this NEW booklet tels you how 


Every manufacturer or user of metal parts 
.. every welding engineer, master mechanic, 
maintenance superintendent, and plant fore- 
man...should have a copy of this really | 
complete booklet on hard-facing. It takes all | 
the guesswork out of choosing the right alloy. | 
the right welding process, and the best weld- 
ing procedures for applying the rod. | 
se the coupon below to order your copy of 
this 40-page booklet. You'll find it a big help 


in solving most of your hard-facing problems. 


Here is What's in it— 


Which Metals Can Be Hard-Faced— = 
A 2-page chart listing 21 metals...and recom- 
mending suitable hard-facing rods for each. 
How to Make the Deposit— 
How to Select the Right Rod— Detailed, step-by-step instructions for apply- 


Factors to consider in making your selection ing Haynes hard-facing allovs by both the 


and a comparison of the characteristics of hard- oxy -acetylene and metallic-are welding processes. 
facing deposits. 
Properties of HAYNes Hard-Facing Alloys— 
Which Welding Process to Use— Description, properties, and available sizes of 
Where and why to use oxy-acetylene, metallic- 12 hard-facing materials. 
are. Hevtarc, mechanized oxy-acetylene. or 
LNIONMEL? welding for applying hard-facing “Haynes.” “Heliare™ and “Unionmelt” are trade-marks 


materials. of Union Carbide and Carbon ¢ orporation or its Units 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 


Haynes Stellite Division, UCC,7235. Lindsay Street, Kokomo, Ind 


Please send me, without obligation, a copy of the new booklet, 
“Haynes Alloys—Hard-Facing Manual.” 


NAME 


COMPANY 


ADDRESS 
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Fourth National Italian 
Metallurgical Congress 


The fourth National Congress of the 
Associazione Italiana di Metallurgia will 
be held at Florence, Italy, from September 
28th to October Ist, inclusive. 

Papers to be discussed: ‘Pure Metals” 
and “Metallurgical and Engineering As- 
pects of Machining with Removal of 
Cuttings.” 


Welding Research Competition 


$1000 in Prizes Offered by Eutectic Weld- 

ing Alloys Corp., for Technical papers 

on “Nonfusion”’ Welding 

R. D. Wasserman, president of Eutectic 
Welding Alloys Corp., announces his com- 
pany sponsorship of a $1000 Prize Compe- 
tition for Technical Papers having to do 
with research and development in the 
field of “nonfusion’’ welding processes. 

The prize fund has for its purpose the 
offer of more adequate tangible rewards 
for scientific and research activity in the 
branch of welding that has shown im- 
portant progress in recent vears vet re- 
mains relatively unexplored 

The Eutectic $1000 Prize Competition 
opens Sept. 1, 1950 and closes May 31, 
1951. It invites entry of technical papers 
by persons in both industrial and in edu- 
cational fields 

The subject of papers to present is de- 
fined as follows: Technological and Re- 
search Aspects, Advances and Advantages 
of the Use of Lower Melting (lower than 
parent) Filler Metals in the Nonfusion 
Welding Processes Application of such 
processes may be by torch, furnace, induc- 
Papers 
may specifically cover one or more of the 
following 


tion, carbon are or metallic are 


(a) Oxyacetylene, low melting filler 

(b) Oxyfuel gas, low melting filler 

(c) Brazing and bronze welding 

(d) Hard facing and resurfacing with 
low-melting filler 


Three prizes will be awarded: $500 as 
First Prize, $300 as Second Prize and $200 
as Third Prize 

The competition is open to welding 
engineers, researchers, metallurgists, in- 
structors, university students and all others 
qualified to present basie principles of the 
art and science of nonfusion welding 

The Jurv and Committee of Awards will 
have the following members: Dr. Robert 
G. Humphrey, Vice-Chairman, American 
Society for Metals; Prof. Otte H. Henry, 
Dept of Metallurgy, Polvtechnic Insti- 
tute of Brooklyn and Dr. Th. I. Leston, 
Vice-President, Eutectic Welding Alloys 
Corp, 
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Rules governing the competition may 
be secured by writing to Eutectic Welding 
Alloys Corp., 40 Worth St., New York 13, 
N. Y. 


Welding Conference at Cal Poly 


Industry experts joined with welding 
instructors at the California State Poly- 
technic College in presenting the first 
annual “welding conference” June 21-23, 
1950. The conference was jointly spon- 
sored by the California Commission for 
Vocational Education. 

An estimated 100 high school, junior 
college and college welding instructors 
attended. 

Welding engineers, manufacturers spe- 
cialists and experts in specialized welding 
techniques presented technical papers and 
demonstrations on the most recent welding 
processes and equipment. 


Power Exposition 


Announcement is made of dates for the 
19th National Exposition of Power and 
Mechanical Engineering. It will be held 
in Grand Central Palace, New York, 
November 27th to December 2nd under 
the auspices of the American Society of 
Mechanical Engineers, in conjunction 
with the Society's annual meeting at that 
time. Since the inception of this event in 
1922 the Society has actively cooperated, 
maintaining an interesting and informative 
exhibit each vear. The 1950 exposition, 
however, is the first to be held under the 
auspices of the A.S.M.E. The manage- 
ment, International Exposition Co., also 
conducts the Exposition of Chemical 
Industries, International Heating & Ven- 
tilating Exposition and the Electrical 
Engineering Exposition. 

Interest in the Power Show this year is 
heightened by the fact that many owners 
and executives throughout the country are 
planning to modernize their power plants 
This is taking place on a huge seale in a 
wide range of industries: Almost three 
hundred manufacturers to date have 
engaged exhibit space on the three lower 
floors of Grand Central Palace, which will 
be occupied to capacity 

One obvious advantage of the Power 
Exposition is that thousands of visitors 
from greatly diversified industries are able 
to Inspect the products of several hundred 
exhibitors and to see numerous demon- 
strations all under one roof within a period 
of six davs 


Unusual Temperature and 
Pressure in Mercury Boiler 


Unusual conditions of temperature and 
pressure in a boiler unit when mereury 


News of the Industry 


vapor instead of steam is generated, called 
for ingenuity in the design and construc- 
tion of two mercury boilers by The Bab- 
cock & Wileox Co. for a new power plant 
operating on the mercury steam cycle with 
no separate steam boilers 

The plant, opened early this year, is the 
Schiller Station of the Public Service Co 
of New Hampshire at Portsmouth and is 
the first mercury-unit power plant in 
which there is no steam generated from 
the combustion of fuel. The plant was de- 
signed and built by the General Electric 
Co. The two B & W mercury boilers 
generate the mercury vapor and superheat 
the steam used in the cycle. 

In the binary eyele mercury vapor is 
generated and produces power in a mer- 
eury turbine. The heat rejected from the 
mercury cycle produces steam which in 
turn generates power in a steam turbine. 
In the Portsmouth plant each of the two 
mercury boilers serves its own 7500 kilo- 
watt mercury turbine and the steam pro- 
duced by both serves a 25,000 kilowatt 
steam turbo-generator, making the in- 
stalled capacity of the plant 40,000 kilo- 
watts. 


Construction of Boilers 


The temperature corresponding to the 
pressure at which the mercury vapor is 
formed in the mercury boiler dictates the 
use of materials which are suitable for the 
stresses encountered under these tempera- 
ture conditions. The mercury drum and 
the wall headers which are not exposed to 
the fire are of SA-280 chrome. The 
wall tubes which are exposed to the fire 
are of Croloy 53i 

Th: furnace is completely mercury 
cooled by walls of tubes on approximately 
15/, in. centers. As the specific volume of 
mereury changes rapidly with increase in 
temperature and the formation of mercury 
vapor, the diameter of the tubes is succes- 
sively increased. The front and rear walls, 
for instance, are 1'/.-in. O.D. by 7/<in. 
1.D. at the bottom, increasing to 1°/, in 
O.D. by 1 in. LD. and finally to 
O.D. by 1'/s-in. 1.D. at the top. The side 
walls increase from 1°/-in. O.D. by 
1.D. at the bottom to 1 -in. O.D. by 
<in. 1.D. at the top 

This is accomplished by welding the re- 
quired size tubes together to form a long 
tube with varving inside diameter. These 
tubes are joined to the top and bottom 
headers by welding. 

All the tubing for the boilers was fabri- 
cated at the Beaver Falls (Pa.) plant of 
The Babcock & Wilcox Tube Co. and the 
welding job was done at the B & W shops 
at Barberton (Ohio) where excellent facili- 
ties and metallurgical controls are avail- 
able. 


Furnace Walls Shipped in Sections 


Side walls were formed of five similar 
sections, each consisting of 28 tubes. 


THe WELDING JOURNAL 


| 

1 


ARC 


—stable even at very 
low amperage 


SLAG 


—clean, easily removed 


COATING 


—resists cracking down to 
very short stubs 


SELECTION 


--complete line for welding every 
type of stainless 


DELIVERY 


—prompt from warehouses in Chicago, Denver, Houston, 
Philadelphia, San Francisco and the factory 
at Monessen, Pa. 


Philadelphia, Portland, San Francisco, Bridgeport, Conn. 


¢o Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
"A i 


PAGE STEEL AND WIRE DIVISION 
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Rugged construction 
_ and precision control 
i _ equipment give RegO 
manifolds long life, safe, 
dependable performance 
and low maintenance. 


Continuous Operation . . . Shut-off 

valve at each cylinder station permits 

cemoval of any cylinder without shut- 

ting down entire side of manifold. 

Master valves control each bank of 
cylinders. 


Unit Construction . .. Header consists 
of steel I-beam, extra heavy brass 
pipe and fittings, cylinder stations 
and master shut-off valves... with all 
permanent connections silver brazed. 


Precision Regulation ... Uniform 
delivery pressure is assured by dual 
large capacity two-stage RegOlators. 


Listed by Underwriters’ Laboratories, 
Inc. and Factory Mutual. 


Write for 24-page 
catalog giving com- 
plete specifications. 


RESO 


Typical Single Regulotor 
Wall-Type Oxygen Manifold 


OXYGEN 
ACETYLENE 
HYDROGEN 
NITROGEN 

and other high pressure gases 


*Reg. U.S. Pat. Office 


4201 West Peterson Ave. 


Chicago 30, Illinois 
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PIONEER AND LEADER IN THE DESION <BASTIAN-BLESSING?"* 


MANUFACTURE OF PRECISION 
T FOR USING AND CONTROL- 


These plattens of tubes were set up in jigs 
in the shops for welding to the wall 
headers, and the entire platten was shipped 
as a unit to the job site. 

The front and rear walls were similarly 
formed, each of four sections of 32 tubes, 
shop welded to provide for the continu- 
ously increasing side diameter, and were 
welded to the bottom header in the shops. 
At the top of the front and rear walls 
these tubes form a convection heat ex- 
change bank called the fog bank, the tubes 
of which are jointed to the mercury drum. 

The top side wall headers are connected 
to the mercury drum through outside 
vapor lines. 

The mercury drum is provided with six 
large downcomers which are connected to 
the supply system feeding the lower 
header of each front, rear and side wall 
section. 


Tin Research Institute, Inc. 


In the Spring of 1949, the Tin Research 
Institute, Inc., was established in Colum- 
bus, Ohio, to provide improved technical 
service to tin users throughout the United 
States. It is staffed by Americans who 
have been engaged for some vears In deal- 
ing with problems related to tin. There 
are similar organizations in England, 
Belgium and the Netherlands 

A sponsorship with the Battelle Me- 
morial Institute provides facilities for tech- 
nical investigations and continues the rela- 
tionship which has existed for many years 

The functions of this information center 
on the use of tin are threefold: the collee- 
tion of information of value to tin users; 
the distribution of information and the 
availability of a consulting service to 
assist industry in solving technical prob- 
lems in the use of tin 

The collection of information is facili- 
tated by abstracting about 150 of the im- 
portant periodicals, reprinting research 
papers of the Institute staff and of other 
scientific and technical workers in all 
parts of the world. Surveys are made of 
the patent literature of the United Stutes, 
Great Britain, France and Germany 
Much information on the trends of indus- 
trial applications is obtained from visits to 
plants, from trade literature and photo- 
graphs illustrating different applications of 
tin. An essential part of the work of the 
Bureau is to maintain in London and 
Columbus a file of collected information 
tor future reference 

A wide variety of publications are avail- 
able free of charge, to the practical user, 
to the analyst and to the research worker 
Practical handbooks on hot tinning, elee- 
trodeposition of tin and tin alloys, solder- 
ing, bearings, fusible alloys of tin and 
bronze are available on request. An illus- 
trated review “Tin and Its Uses,” which 
enables readers to keep in touch with de- 
velopments in tin usage is issued periodi- 
cally. Anyone wishing to be on the mailing 
list for ‘“Tin and Its Uses"’ or who desires 
any other information on tin should com- 
municate with Tin Research Institute, 
Inec., 492 W. Sixth Ave., Columbus 1, Ohio 


THe WELDING JoURNAL 


/ 
A 
// 
| 
| 
— 
| 
| 
aia | 
| 
4: YT | 
Typical Dual Regulator 
Floor-Type Acetylene Manifold 
: | 
LING HIGH PRESSURE GASES 
674 


Wire in special 
thread-wound coils 
for submerged 

arc welding 


RACO” Mild Steel 
“RACO” High Tensile 
“RACO” High Mang 
“RACO” High Mang-Moly 
Furnished in all standard size thread-wound coils. 


wii CARE KEEP Grades Regularly in Stock 


You profit by these RACO extras: Rigidly inspected high quality steel. Beautiful bright 
copper coating. All coils uniformly thread-wound and uniform in weight, width, inside and 
outside diameters to fit your reels. Thread-winding and prebent controlled curvature 
eliminates unwinding entanglements, waves, kinks. Assures deposition only in welding vee. 
Assures uninterrupted production. 


Wire is drawn, copper coated, and mechanically thread-wound in one continuous operation 
immediately preceding shipment, on machines specially developed by us. 


RACO coils are packed and sealed in heavy cartons, and palletized to prevent damage 
in transit, improper stacking or torn wrappers which result in rust and dirt. Coils are not 
distorted out of shape by rough handling. Steel-strapped palletized unit-shipments prevent 
mixing with other consignments at transfer terminals while en route; avoid filing of claims, 
etc. Fifty-six 25-pound coils, twenty-eight 75-pound coils, eight 150-pound coils per unit 
pallet at no extra cost to you. 

Our special packing and shipping methods reduce your handling, disbursement, and 
storekeeping costs. Save storage space. Provide easy identification as to type and diameter 
of wire. Our superior quality and coiling assures superior welds and reduces cost per 
pound of deposited metal. 


REID-AVERY COMPANY 


INCORPORATED 
DUNDALK BALTIMORE 22 MARYLAND 


It is the sales policy of The Reid-Avery Company, Inc., to Members of THE AMERICAN WELDING SOCIETY 
market our products exclusively through distributors and agents. and THE NATIONAL WELDING SUPPLY ASSOCIATION 
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Safety Equipment Laboratory 


The world’s largest research laboratory 
devoted to the development of safety 
equipment for all industries was dedicated 
in Pittsburgh, June I4th, by the Mine 
Safety Appliances Co. 

About 400 leaders in safety and indus- 
trial hygiene and health, as well as top in- 
dustrial executives, attended the dedica- 
tion exercises. 

Principal speaker at the ceremonies was 
Ned H. Dearborn, Chicago, president of 
the National Safety Council. 

The new laboratory was dedicated to 
the memory of John T. Ryan, interna- 
tional pioneer in the field of industrial and 
mine safety and co-founder of Mine Safety 
Appliances Co. Mr. Ryan died in 1941 

George H. Deike, president of the eom- 
pany and original partner of Mr. Ryan in 
its founding 36 years ago, traced the firm's 
history. 

Since 1914, the company’s activities 
have expanded from mining into all 
branches of industry on a world-wide scale. 
Today, the company is the largest manu- 
Pacturer and supplier of safety equipment 
Gn the world. 
| Facilities of the new laboratory will be 
used in developing equipment and devices 
to combat hazards of all types. Con- 
Btantly changing industrial processes bring 
ew hazards that must be overcome by new 
Bafety equipment, Mr. Deike pointed out. 
Virtually every branch of science and 

Wngineering is utilized at the laboratory 
Por developing protective equipment and 


instruments. The laboratory is staffed by 
chemists, physicists, electrical engineers 
and other scientists 

In the four-story laboratory building are 
many types of research instruments and 
equipment. These include high-altitude 
chambers; dust, fume and gas chambers; 
a wind tunnel, and an electron microscope 
that permits study of dusts and other sub- 
stances at a magnification up to 100,000 
times. 

Director of Mine Safety Appliance 
Company's Research and Development is 
Dr. William P. Yant. A member of many 
technical societies and associations, he 
was the first president of the American 
Industrial Hygiene Foundation. In 1946, 
he received the Pittsburgh Award of the 
American Chemical Society for distin- 
guished service to chemistry. Recently, 
he was appointed chairman of the steering 
committee of the U. 8. Technical Confer- 
ence on Air Pollution. 


Rail Pressure Welds Pass 100,000 
Mark 


On June 5, 1950 the railroads of the 
United States and Canada had 100,000 
welded rail joints in track that were made 
by the oxyacetylene — pressure-welding 
method of The Oxweld Railroad Service 
Co., Unit of Union Carbide and Carbon 
Corp. 

The honor of producing the 100,000th 
weld fell to the Elgin, Joliet and Eastern 
Railway. This railroad has more pressure- 


welded continuous rail than any other 
single railroad in North America. Since 
1942 they have been making continuous 
rail by welding standard rail lengths to- 
gether. In addition, scores of manual 
field welds have been made to join lengths 
of continuous rail 700 or 1400 ft. long 
This railroad has two lengths of rail that 
are 12,782 ft. in length—said to be the 
longest in the world. 

Although these 100,000 welds were made 
during 12 years, it is notable that over 
50,000 welds were made in the past three 
vears. This surge of production results 
from excellent weld quality, lower welding 
costs and the savings realized in track 
maintenance costs, 


A. F. Davis Award 


The presentation of the A. F. Davis 
Welding Award Contest prizes of $200 
each to Howard P. Kallen and to Thomas 
J. Kelly, Editor-in-Chief of the Cornell 
Engineer, was made by Peter BE. Kyle, 
Assistant Director College of Engineering, 
Cornell University, at the final meeting of 
the Student Branch of the American 
Society of Mechanical Engineers in Sibley 
College, Cornell University, on May 23rd 
The editor of the Cornell Engineer an- 
nounced that they had decided to con 
tribute half of their award to the fund to 
equip an engineers’ lounge in Sibley and 
the other half was to be used to foster 
faculty-student relations during the next 
school year. 


THE CHAMPION RIVET CO. 


HARVARD and E. 108th ST. 
CLEVELAND 5, OHIO 
Western Plant —East Chicago, Ind. 


7%e CHAMPION RIVET gu the 
“WELDER’S CHOICE” 


GRAY 


An Outstanding E-6012 Electrode 


@ Operable at extremely high welding cur- 
rents with low spatter and no overheating 
of the electrode. (3/16'' Diameter usable at 
320 Amperes. Other sizes at comparable 
high currents.) 


@ Smooth, stable arc on both AC and DC. 


@ Freedom from undercutting even when 
used at the high end of the current range. 


The 


EVIL H. P. 


® Flat, even, smooth welds in all positions. 
@ Easy slag removal, self-peeling in many 
cases. 


@ Excellent re-striking, ideal for fast, inter- 
mittent welds. 


@ Good performance on sheet metal, 16 
gauge and heavier, at no premium price. 


@ Low spatter loss over entire current range. 


Here, at last, is an Electrode that handles perfectly in any operator's hand 
AVAILABLE IN 3/32” THROUGH 5/16” DIAMETERS 
== COUPON FOR FREE TRIAL SAMPLE AND OPERATING DATA 


HIGH PRODUCTION) 


CITY AND ZONE 


STATE 


SIZE DESIRED: 3/32” 1/8" 5/32” 


O36" 5/16" 
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service 


with 
AMSCO. Hardfacing! 


Post Hole Digger now digs 206 holes 
in rocky soil before repointing 


Just 4 holes was the former life of a new point and 


blade on this power-driven post hole digger. 
After hardfacing with AMSCO Tube Tungsite, the 
same blade and point dug 206 holes—5/ times 


the former service! 


Here’s another example of big savings x 
with AMSCO Hardfacing .. . 


This cultivator spade gave 3 times the former service 


when hardfaced with AMSCO Farmface—62 acres 


These are typical examples of tremendous savings 
Where to look for money-saving 
hardfacing applications: 


made with AMSCO Hardfacing . . . savings in time, 


maintenance and money! Wherever any kind of part— 


. : from huge mining dippers to small plowshares—is 
On parts subject to wear by abrasion, & BPE P 


3 s subjected to impact or abrasion, you'll find that 
impact, heat or corrosion, such as: : 
Earthmoving Equipment « Farm Equipment 
Oil Field Drill Bits « Sprockets « Dredge 


Pump Shells e Materials Handling Equip- 


ft cite tewice 
ment e Pulverizer Hammers « Punching, 
Trimming, Forging Dies « Coal Cutter Bits 


PRODUCTS 


+ it pays to hardface with AMSCO Welding Products. 
i 


AMERICAN 


"Brake Shoe | AMERICAN MANGANESE STEEL DIVISION 


COMPANY 399 EAST 14th STREET + CHICAGO HEIGHTS, ILL. 
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LOW JOB COSTS—SURER PROFITS 
WITH LOW-TEMPERATURE ALLOYS 


“Everything to weld anything” 


ALL-STATE 


ALLOYS AND FLUXES 


LOW COST... SAMES 10 USE 
This Kit will Bring You All 
‘The Savings of Low temperature. 
@ SAVE Dismantling. 
@ SAVE Reassembly. 
@ SAVE Time. 
@ SAVE Gases. 


provides generous plenty of alloys and Auxes 
Bor a wide range of maintenance and salvage jobs 
: nough to save many times its cost. Fine for experi- 
Penta! production with idea of purchasing rod 
Belected in bulk from All-State Distributor 


* contains ample silver solder, and ten other 
inds of alloys for cost-saving, low-temperature 


work. And it contains galvanizing powder, and 
the wide selection of 8 fluxes to assure the very 
best low temperature welding and brazing work 
at low job cost. Comes in a sturdy metal box with 


leatherette rod roll 


NEW! FLUX COATED! 
Introductory quantities of two flux coated 
rods are now included in the Doc Alloys Kit 
Types ore All-State No. 11 Flux Coated 
Nickel Silver, All!.State No. 13 Flux Coated 
Build Up Nickel Silver 


Ask your All-State Distributor for 


ALL STATE DOC ALLOYS KIT 


Send for new 32-page handbook 
on Low-Temperature Welding 


ALL-STATE 


WELDING ALLOYS CO., INC. 


273 Ferris Avenue 
White Plains, N. Y. 


American Foundrymen’s 
Meeting 


The 55th Annual Convention of the 
American Foundrymen’s Society will be 
held.in Buffalo, N. Y. April 23-26, in- 
clusive, 1951, according to announcement 
by Wm. W. Maloney, Secretary-Treasurer 
of the Society. The Convention will be 
confined entirely to technical and practical 
sessions, in line with the policy of the Soci- 
ety to stage Exhibits of foundry equip- 
ment, material and supplies every second 
year. Such an Exhibit was held in con- 
junction with the 54th Annual Convention 
of the Foundry Industry in Cleveland in 
May 1950. 

The Society last held a Convention in 
Buffalo in 1944. The 1951 Convention 
will be presided over by President-elect 
Walton L. Woody, National Malleable & 
Steel Castings Co., Cleveland, who as- 
sumes his office in July. 


National Welding Supply 
Association 


The Sixth Annual Convention of the Na- 
tional Welding Supply Association was 
held at the Hotel La Salle, Chicago, Il. on 
May 8-10th. It was attended by over 200 
members and guests and was considered 
the most outstanding and constructive in 
the history of the Association. 

J. M. Magrath, Secretary of the Amert- 
CAN WELDING Soctery, was the guest of 
the Association. The program included 
addresses by the officers of the Association 
and a number of interesting papers relating 
to capital expenditures, transportation, 
outlook for business, inventory control, 
training salesmen, types of sales reports, 
eredit and collection problem, how to con- 
duct a welding clinic and show room dis- 
plays. 

The roster of the elected officers was 
published in the July issue of Toe Wetp- 
ING JOURNAL. 


A.S.M. Selects New Officers, 


Trustees 


At the annual meeting of the Nominat- 
ing Committee, the American Society for 
Metals named the following to serve as 
officials and trustees for the year 1950-51: 

President Walter E Jominy, Staff 
Engineer, Chrysler Corp. (Now serving 
one-year term as vice-president. ) 

Vice-president: Dr. John Chipman, 
Head, Department of Metallurgy, Massa- 
chusetts Institute of Technology. (Dr 
Chipman is a past-trustee of A.S.M 

Secretary W. HH. Eisenman, renomi- 
nated for the 17th consecutive 2-vear term 
(Eisenman is this vear completing — his 
thirtv-second vear as National Secretary 

Treasurer Ralph L. Wilson, Chief 
Metallurgist, Timken Steel and Tube Co., 
Canton, Ohio. (Mr. Wilson will be serving 
the second of a 2-year term in this office 

Trustee (New): J. B. Austin, Director 
of Research Laboratories, U. 8. Steel 
Corp., Kearny, N. J. and (New): Dr 
James T. MacKenzie, Chief Metallurgist, 
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American Cast Lron Pipe Co., Birmingham, 
Ala. 

The A.S.M. Board of Trustees for 1950 
51 will include, in addition to Messrs. 
Austin and MacKenzie, the following 
members: Elmer Gammeter, Chief Metal- 
lurgist, Globe Steel Tubes Co., Milwaukee, 
Wis. (present Trustee); Thomas G 
Digges, Chief, Thermal Metallurgy, Na- 
tional Bureau of Standards, Washington; 
(present Trustee); Arthur E. Focke, Chief 
Metallurgist, Diamond Chain Co., Ine 
(will serve as A.S.M. Past-President 
Walter E. Jominy, Staff Engineer, Chrys- 
ler Corp. (will serve as A.S.M. President ) 
Dr. John Chipman, Head, Department of 
Metallurgy, Massachusetts Institute of 
Technology (will serve as A.S.M. Vice- 
President); W. H. Eisenman (will serve as 
A.S.M. National Secretary); and Ralph 
L. Wilson, Chief Metallurgist, Timken 
Steel & Tubes (will serve as ASM 
Treasurer ). 


New Motion Picture on Welding 
and Cutting 


“The Oxyacetylene Flame —Master of 
Metals” is the title of a new 20-minute 
motion picture on oxyacetylene welding 
and cutting. Produced in sound and 
color, it is the cooperative effort of the 
International Acetylene Assn. and the 
United States Bureau of Mines. The 
film explains what the oxyacetylene weld- 
ing and cutting processes are and what they 
will do. For example, it takes the audi- 
ence right into the foundry and into the 
fabricating plant and shows how the oxy- 
acetylene processes are used to cut risers on 
castings, produce welded aluminum chair 
frames and prepare H- and I-beams for 
heavy-steel construction. 

Animated sequences show how calcium 
carbide and acetylene are produced, and 
why oxygen and acetylene are so effective 
in producing the “hottest flame on earth.” 
Through animation also, the workings of 
welding torches, cutting torches and oxy- 
gen and acetylene regulators are clearly 
explained 

This motion picture should have par- 
ticular appeal to vocational schools, agri- 
cultural and engineering colleges and high 
school science and vocational classes, as 
well as to business groups, such as Rotary, 
Lions and Kiwanis Clubs. Requests to 
borrow copies of the film should be ad- 
dressed to the Supervising Engineer, 
Graphic Services Section, Bureau of 
Mines Experiment Station, 4800 Forbes 
St., Pittsburgh 13, Pa 

Requests for information on how to pur- 
chase copies ol “The 
Flame— Master of Metals 
directed to The Secretary, International 
Acetylene Assn., 30 FE. 42nd St., New York 
17, 


Oxvacetylene 
should be 


Hughes Tool Co. Plans 2 Million 
Dollar Lab. 


Plans have been completed for the erec- 
tion of the new $2,000,000 Hughes Tool 
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New Hughes Tool Co. Engineering Laboratories 


Co. Engineering Laboratories in Houston, 
according to an announcement made by 
Fred WwW Avers, Senior \ ice-President and 
General Manager of Hughes Tool Co 

The building, covering 75,000 square feet 
of floor space, will have in the two-story 
center structure, in addition to a base ment, 
the Me tallographic Laboratory and offices 
on the first floor, while the second will 
house the Chemical Laboratory, Emission 
Spectrum Laboratory, Projection Room 
and Library 

The 4800 sq. it. east wing of the build- 
ing will be occupied by the Welding 
Laboratory In the 9100 sq. ft north 
bavs will be the Laboratory Machine 
Shop, while the 12,600 sq. ft. west bays 
will be occupied by the Mechanical Test- 
ing section In the latter, all kinds of 
unconventional tests with drill stem con- 
nections and rock bits are conducted 
The new field size drilling rig will be moved 
from its present location at Hughes Tool to 
the new laboratory and will be set up at 
the northeast corner of the building 

The Hughes Tool Co. Engineering 
Laboratories are a division of the Metal- 
lurgical Dept., 
engineering departments under Daniel J 
Martin, Vice-President-Engineering, and 
includes the Research Engineering, Prod- 
uct Engineering and Metallurgical Engi- 
In the proposed laboratory 


which is one of the three 


neering Depts 
building, new designs and improvements 
on present products will be developed and 
research, in 


standardized. Continuous 


addition to that being done at the Armour 


Research Foundation and the Battelle 
Memorial Institute, will be carried out 
here in search of better materials and ad- 
vanced designs in order to make superior 
products for the oil industry 

The new laboratory building is sched- 
uled to be completed by June 1951. In 
addition to the present equipment, which 
will be moved to the new building upon its 
completion, a half a million dollars will be 
expended for new laboratory machines, 
technical apparatus and equipment. The 
entire building will be air conditioned, in- 
cluding the working floor of the field size 
drilling rig 

Consulting engineers will be Lockwood 
and Andrews, while construction will be 
done by Southwestern Construction Co 


Barksdale to Represent 
Meletron and Crescent 


among three 
attention of 


This 
manufacturers deserves the 
industrial control users evervwhere, be- 


cooperative plan 


cause it promises definite benefits and sav- 
ings to them Here are specialists whose 
distribution problems are overlapping 
Meletron has gained a reputation of 
covering the pressure switch field with a 
Wherever a 


pressure or vacuum change must be trans- 


most comprehensive line 


formed into electrical action, there is a 
Meletron switch to perform the function 
Their experience with manifolding opera- 
tion in automobile plants will be of par- 


Crescent 4-Way Solenoid alve 


ticular interest to the resistance welding 
field 

Although the Crescent 4-way solenoid 
valves (illustrated) are a relatively recent 
development, they have already proved 
their merit on tough assignments such as 
high-speed continuous service on welding 
equipment in the automotive and related 
fields 

These 4-way 
control of air, water, and light oil up to 
150 psi 
i.p.s 

The solenoids are 
withstand continuous operation of up to 
600 cycles a minute Records show per 
formance of several million cycles without 


valves are available for 


, in pipe sizes of '/4, 9/5 and */, 


1 special design to 


maintenance 
Barksdale brings to this combination a 
record of achievement in pioneering 
eontrol with the famous 
Barksdale or- 
ganization, with at 4905 
Santa Fe Ave., Los Angeles, has compe 
tent representatives in every major city in 


treme 
“‘Shear-Seal 


pressure 
valves The 
headquarters 


the United States and Canada 


for welded assembly 
Saxe Units place in position and 
parts to be welded 
As used in many welded structures they 
ing producing an economical, rigid 
tural frame 


WELDING CONNECTORS 


Saze System Welded Connection Units 
ecurely hold together structural! 


eliminate all hole punch 
safe and quickly erected struc 


“Write for 58 pg. Manual containing full engineering design 
information for welded structures.” 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 


Years of GUARANTEED SATISFACTION 


Buy “PROVEN FLUXES” 


Insist on them — Unequalled Quality 


No.1 Cast lron Welding Flux 
No.2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux for Bronze Welding Cast lron 
No.5&8 Cast & Sheet Aluminum Fluxes 
No.9 Stainless Steel Welding Flux 
No. 11 
No. 16 Silver Solder Paste Flux 


ANTI-BORAX COMPOUND CO., INC. 


behind these GOOD 
“ANTI-BORAX”’ FLUXES 


Tinning Compound 
Mig. By 


Fort Wayne, Ind. 
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Assembly Line Barges 


At Dravo Corp.'s shipyard on Neville 
“Island, Pittsburgh, big new gasoline barges 
‘for the Army Transportation Corps are 
‘being built on an assembly line. Sections 
‘of the vessels are prefabricated in the 

structural shop where welding is done in 
large jigs. Then they are moved, as shown 
in the photo, to the shipyard for assembly. 
A fleet of 12 of the 235-ft. barges is being 
built by Dravo for transportation of avia- 
tion fuel on the inland waterways. 
Dravo's fabricating facilities at Neville 
Island are used similarly for other types 
of structural metal work. 


- Seashore Lines to Get New Rail 
Service 


Brand new equipment is coming to the 
Pennsylvania-Reading Seashore Lines. 

In an announcement issued today the 
Railroad said it had placed an order with 
The Budd Co. for six self-propelled Rail 
Diesel Cars and plans to begin operating 
them this fall between Camden and the 
New Jersey resort towns of Wildwood, 
Cape May and Ocean City 

Known as the RDC, the Rail Diesel Car 
is the latest innovation in railway pas- 


senger transportation and was developed 
by Budd. It will bring to commuters and 
vacationers clean, bright and comfortable 
transportation that is airconditioned in 
summer and well heated in winter. 

Built of gleaming stainless steel and 
Diesel-powered, the RDC can seat 90 
persons has wide picture windows, fluores- 
cent center lights and individual seat 
lights and baggage racks. 

It can be operated from either end as a 
single unit, or in multiples as a train in 
unrestricted main or branch line passenger 
service. This flexibility permits the train 
to be split into individual units and sepa- 
rate cars sent to different destinations, still 
operating under their own power. 

Each RDC is powered by two 275-horse- 
power Diesel engines, operating through 
torque converters and cruises at 70 miles 
per hour. It can reach 44 miles per hour 
in one minute, 80 miles per hour in four 
minutes 


Sludge Dryers 


The use of stud welding is credited with 
saving an average of $7.00 per square in 
the cost of installing the flat Transite 
which was used to enclose and to line these 
two 20-sided Turbo-dryers soon to be 
placed in operation by the Milwaukee 


Sewerage Commission. They will be used 
for the predrying of sludge, and are 80 ft 
high ana 35 ft. in diameter. 


Photo Courtesy Nelson Stud Welding Division, 
Morton Gregory Corporation 


Approximately 25,000 4X °/sin end - 
mium-plated Nelson studs were used for 
fastening the flat material, and another 
5000 x in.) cadmium-plated slug- 
loaded studs for fastening corrugated 
asbestos used on the connecting passages 


Stud Welding Helps Roofing 


and Siding Installation 


Stud welding, the high-speed, war-born 
technique which saved shipbuilders an 
estimated 100 million man-hours in 6 yr., 
has enabled the contractor responsible for 
installing the 18,000 squares of corrugated 
aluminum roofing and siding at Aluminum 
Company of America’s new Point Comfort 
Works here to break all records on this job. 

H. W. (Hank) Wilson of Jamar-Olman 
Co., Chicago, turned his stud welding 
crews loose on one of the big aluminum re- 
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duction units at a time, as fast as the paint 
on the structural steel was dry Working 
from swinging scaffolds with one 300-amp 
welding generator for every four Nelson 
stud welding guns, they installed all of the 
35,000 composite aluminum and mild steel 
Riv weld studs fora singk building hefore 
the first sheet of corrugated material was 
applied. In this fashion, the stud-welding 
quartets completed the installation of all 
the studs required for 500 squares of root- 
ing in 6 days, while a double quartet 
handled the studding for 900 squares of 
siding in 5 days. 

Then the sheeting crews moved in, with 
four men in each roofing gang working 
directly on the purlins and three at work 
on the siding, which was erected entirely 
from tubular steel scaffolding around the 
outside 

The speed with which the siding was 
applied resulted in the assignment of two 
stud welding gangs for every sheeting 
crew. In this way, a 7-man team—four 
stud welders and three sheeters—hit a 
steady stride of between 2500 and 4000 
square feet of siding per day, while 8-man 
roofing teams —four stud welders and four 
sheeters—completed between 4000) and 
6000 square feet every day 

“On many occasions, working under 
ideal conditions on a straight-away, one 
roofing crew installed better than 5000 
square feet, and the peak day on siding 
was considerably better than 4000 square 
feet, Mr. Wilson said. Careful planning 
and the size of the project, plus the de 
velopment of a number of special aids 
which speeded up the laving out and 
installation of studs, played an important 
part in the attainment of these records, 
according to Mr. Wilson. 

“In the first place, we 
templates, 20 to 24 ft. in length, which 
were clamped to the steel struts to speed 
the layout work,” he said ‘We found 
that since the variation in the corrugated 
sheets (10 ft. high by 33 in. wide) never 
exceeded '/, in., we could install all the 


used special 
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studs before applying any sheeting with 
perfect safety.’ 

This view alongside one of the 25 build- 
ings at Aleoa’s new Point Comfort Works 
shows how all the composite aluminum 
and mild steel rivweld studs for each build- 
ing were installed on the girts before a 
single sheet of corrugated aluminum siding 
The studs, which 
were placed with the Nelson stud welding 


or roofing was applied 


gun, can be seen along the girts, where 
they look like so many dots 


Fatigue Conference 


\ special Conference on the Fatigue and 
Fracture of Metals was held as part of the 
1950 Summer Session at the Massachu 
setts Institute of Technology, June 19 to 
22, 1950 

Proceedings of the Conference will be 
published by the Technology Press within 
about eight months In addition, brief 
abstracts of certain papers may be availa- 
ble shortly after the Conference 
requests should be sent to Professor Wil- 
liam M. Murray, Secretary of the Con- 
ference toom 3-257, M I 


specific 


Safety Glasses 


Safety glasses not pe rsonal glasses, 
should be worn on the job by workers, 1s 
the theme of a new series of 10- x 13?/,-in 
posters being released by American Optical 
Co., Southbridge, Mass 

Designed to encourage workers to wear 
goggles, the posters point out that Rx 
salety glasses protect workers eves 
whereas personal glasses do not In ad- 
dition, personal glasses should not be ex- 
posed to hazards that may chip, erack or 
pit the lenses 

Industrial concerns desiring to receive 
there posters may obtain them by contact- 
ing the nearest American Optical Branch 


Office 
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Airco Appointed Welding 


Industry Distributor for New 


Prepo Torch 
Air Reduction Sales Co., a division of 
Air Reduction Co., Inc., has been ap- 
pointed national distributor for the weld- 
ing industry of the recently introduced 
Prepo Torch 
The Prepo Torch gives an instant heat 
at 2200° F. and permits immediate applica- 
tion of a hot flame for soldering joints, 
loosening nuts, sweating cable and many 
other operations. No preheating, pump- 
ing or priming is required 
The lightweight (1'/. Ib 
used in any position and features a throw- 


torch may be 
away fuel container. Under ordinary use, 
one container wil last for over four hours, 
depending on the size of burner 

According to Airco, other features of 
the Prepo Torch are: (1) Constant flame 
until fuel is exhausted 2) clean, odorless 
heat; (3) Pre po fuel is constant and self- 
pressurizing contains petroleum hydro- 
carbons—-nonpoisonous and nontoxic; (4) 
each fuel container is tested and shipped 
in compliance with 1.C.C. regulations and 
(5) tool-box size—approximately in. 
high (without burner) and 4 in. in diame- 
ter 

The Prepo Torch, complete with two 
burners, one can of Prepo fuel and operat 
ing instructions, is available through Airco 
offices, retail stores and authorized dealers. 


Employment 
Service Bulletin 


Services Available 
B.M.E., 


Three years’ engineer- 


4-605. Welding Engineer 
M.M.1 Age 29 
ing depart ment consultant welding prob- 
lems, A.S.M.1 A4.W.S. codes and assist- 
ant-department head fabrication division 
Two years’ metallurgical-production ex- 
perience welding, heat treating and fabri- 


cating aircraft alloy and stainless steels 


Two vears’ teaching welding engineering 
lectures and laboratory Desires position 
with consultant, as department head, or 
te aching 

4-606 Welding Sales or Project 
neer. Twelve years in the fusion welding 
field. Eight vears in positions requiring 
decisions as the final authority on welding 
Age 36. B.S. Industrial engi- 
neering Yale University 


problems 
Research and 
development of processes and equipment, 
7 years; field applications as sales engi- 
neer, 5 years; on processes including 
manual and automatic gas, arc, and inert 
are welding, oxygen cutting, brazing, flame 
hardening and other allied processes 

4-607 Welding Engineer with B. 8. 
in KE. E. desires position in either manufac- 
turing or research —location immaterial. 
A wide field of experience obtained in 10 
vears—in administration, production, de- 
sign and research —on manual and auto- 
matic are and gas welding and all types of 
Further details on 


resistance welding 


re quest 
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Welding Accessories Catalog 


A new catalog of are-welding accessories 
is announced by Metal & Thermit Corp., 
N.Y. The 32-page booklet covers the M 
& T line of holders, helmets, cable, ground 
clamps, goggles, cleaning tools and protec- 
tive clothing, giving complete descriptive 
data and specifications including data on 
replacement parts 


Rustfree Steels 


The Uniworld Research Corporation of 
America, 1302 Ontario St., Cleveland 13, 
Ohio, has published a four-page technical 
brochure entitled, “Super Rustfree Steels,”’ 
giving information on the corrosion resist- 
ance properties of these steels together 
with statement as to physical properties 
and weldability. 


Steelweld Pivoted-Blade Shears 


Catalog No. 2011-C, just off the press, 
gives the details of Steelweld Pivoted- 
Blade Shears manufactured by The Cleve- 
land Crane & Engineering Co., Wickliffe, 
Ohio 

Of especial interest are the two machines 
illustrated on the back cover, one because 
of the heavy plate it cuts, ie., 1'/, in. x 
12 ft., and the other because of the length 
of metal it will shear; namely '/, in. x 18 
tt 


The Fracture of Metals 


The Institution of Metallurgists, 4 
Grosvenor Gardens, London, 1, 
England, has issued a paper-covered book 
of 138 pages covering a series of six Re 
fresher Course Lectures and selling for 12 
s. td. These lectures are: Cohesion and 
Rupture in Metals, by N. P. Allen; Frac- 
ture in Creep, by R. W. Bailey; Fracture 
Under Fatigue Conditions, by H. L. Cox; 
Fracture Due to Stress Corrosion, by U. R. 
Evans; Effects of Rate of Loading on 
Fracture of Metals, by C. Gurney; and 
Brittle Fracture in Mild Steel, by W. Barr. 


Repairing Tractor Parts 


Of the utmost value in repairing and re- 
building worn tractor parts are Manganal 
11% to 13'/.% Manganal-Nickel Steel 
products. Methods for making these re- 
pairs quickly and economically with 
Manganal Applicator Bars and Welding 
Electrodes are described in an informative 
folder, now available upon request, from 
The Stulz-Sickles Co., 134 Lafayette St., 
Newark 5, N. J 


Annual Meeting 
A. W. S. Chicago 
Week of Oct. 22nd 


Chemical Engineers’ Handbook 


Industrial instrumentation in chemical 
processing is the subject of an entire chap- 
ter of the third, 1950 edition of the Chemi- 
cal Engineers’ Handbook. 

The section on process control fills more 
than 70 pages and includes 263 illustra- 
tions. Subjects include process instru- 
mentation, process variables and their 
measurement and temperature, vacuum, 
flow and liquid-level measurement. It 
also takes up weighing and weight control, 
miscellaneous and rate variables and 
measurement of physical characteristics. 
Other topies cover fundamentals of auto- 
matic control mechanisms, final control 
elements, automatie control applications 
and maintenance and supervision of instru- 
ments 

The section is co-authored by Douglas 
N. Considine, B.S., manager of the market 
extension department, Brown Instruments 
division of Minneapolis-Honeywell Regu- 
lator Co., and Richard W. Porter, B.S., 
editorial director of The Paper Industry. 
Theodore R. Olive, associate editor of 
Chemical Engineering, is credited with 
help and advice in preparation of the sec- 
tion. Acknowledgment is made to Vietor 
F. Hansen, E. 1. duPont de Nemours & 
Co., and Ralph W. Munch, Monsanto 
Chemical Co., for reviewing and comment- 
ing on the manuseript 

The chapter opens with references to 
authoritative sources and closes with a list 
as well as a glossary of automatic-control 
terms. The entire volume, containing 
1942 pages, is edited by John H. Perry, 
FE. I. duPont de Nemours & Co. 


U.S. Steel 


An outstanding book, 8 by 11 in., hard 
paper covers and representing a deluxe 
printing, layout and editorial piece of 
work has been issued by the U. 8S. Steel 
Corp. covering statements by officials of 
United States Steel before the Subcom- 
mittee on the Study of Monopoly Power of 
the House Committee on the Judiciary, 
Washington, D. C., April 26-28, 1950. 
The title of the book is “Business —Big and 
Small-—Built Ameriea.”” There is a for- 
ward by Mr. Olds and the following re- 
ports: Business--Big and Small—Built 
America, by Benjamin F. Fairless; Tron 
Ore is Available, by Benjamin F. Fairless; 
Ne Shortage of Iron Ore, by John G. 
Munson; Modern Research: Its Contri- 
butions, by Dr. R. E. Zimmerman A 
Half Century of Industrial Progress with 
Steel, by M. W. Reed; Competition in 
Steel, by David F. Austin; Facts about 
“Concentration” and Profits in the Steel 
Industry, by Bradford B. Smith; Who 
Owns U. 8. Steel?—-The Public, by Wm. 
Averell Brown and Charts and Tables, by 
Enders M. Voorhees. 


New Literature 


Equipment Folder 


In order to provide up-to-date operating 
data on Eutectie’s new, 1950 line of weld- 
ing equipment, the company has published 
a handy, pocket-size “equipment folder,” 
available to shop owners, foreman, and 
welding superintendents upon request. 

Full design specifications are given for 
both EuteeTorech No. 1, used for light and 
general work, and for EuteeTorch No. 2, 
for heavier work. Distinctive features of 
these torches are listed and the uses to 
which they may be put—both torches are 
available with cutting attachment—are 
indicated. 

EutecArc, the efficient “‘double-duty” 
a.-c. arc-welding machine, which is capa- 
ble of handling both extra-light and extra- 
heavy work, is also covered in this folder. 
Many of the advantages of this are welder 
are fully described, and all necessary oper- 
ating information is shown. 

Part of the folder is devoted to a com- 
plete listing of additional accessories for 
gas and are welding offered by Eutectic 
Welding Alloys Corp. And in addition, 
the folder contains a useful coupon, which 
entitles the recipient to a Free Demonstra- 
tion right in his own shop, without cost or 
obligation of any sort. 


Welding Literature 


The Department of Welding Engineer- 
ing of The Ohio State University an- 
nounces that the Engineering Experiment 
Station Circular 51 ‘Holdings in the A. F 
Davis Welding Library” is off the press 
and is available on request 

This publication is made in answer to 
many requests to the University for infor- 
mation on published works in the welding 
field and those fields contributing to the 
science and art of welding. This list of 
titles is not meant to be a complete bibli- 
ography of the field but is published to 
assist corporations, individuals and other 
libraries in using the Davis Library or in 
building their own collection 

The Department also announces that 
the Engineering Experiment Station Bul- 
letin 140 “Patent Classification in the 
A. F. Davis Welding Library” is off the 
press and is available on request 

This publication gives the outline of the 
Patent Classification Index and explains 
in detail the operation and use of the sys- 
tem. The Bulletin is designed to assist 
off-campus users of the Index 

The Davis Library has maintained, for a 
number of years, a collection of patents 
relating to the welding industry and the 
patent classification system described in 
Bulletin 140 is an effort to make this col- 
lection of greater value to students and 
industry. The primary purpose of this 
project has been to provide, efficiently and 
on a wide scale, information on welding 
patents to industrial organizations and 
educational institutions. This classifica- 
tion aims to provide reference not only to 
the fundamental patents on welding proc- 
esses, materials and equipment, but also 
to the patents on the industrial applica- 
tions of welding. 
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Requests for Circular 51 or Bulletin 140 
should be addressed to the Department of 
Welding Engineering, The Ohio State 
University, Columbus 10, Ohio. As long 
as the supply is adequate, single copies of 
the publications are free for general distri- 
bution; however, when the first printing is 
exhausted a charge of fifty cents per copy 
will be made for Circular 51 and seventy- 
five cents per copy for Bulletin 140 


Recommended Practices for 
Salvaging Automotive Gray lron 
Castings by Welding 


The repair of gray iron castings by weld- 
ing has now become an established means 
of economically reclaiming such castings 
To meet the need for information on the 
best method to repair specific types of 
defects, a study was made of methods of 
repair used in the automotive industry 
While the Recommended Practices for 
Salvaging Automotive Gray Lron Castings 
by Welding’ describes the methods used 
for automotive repairs, this same informa- 
tion should be helpful as a guide in estab- 
lishing methods of repair for other types 
of castings. Information is provided on 
oxvacety lene and shielded metal-are weld- 
ing with and without preheat and stress 
relief, braze welding, brazing, soft solder- 
ing, metallizing and the use of mechanical 
methods Typical defects and their re pair 
are illustrated by photographs 

Nineteen pages, illustrations, published 
by AMERICAN WELDING Socrery 
may be obtained at $.50 each from the 
AmeRICAN WELDING Seciery, 33 W. 39th 
St New York 18, N. ¥ The usual dis 
Soctery will 


Copies 


counts to members of the 
apply 


Kent’s Mechanical Engineers 


Handbook 


The twelfth edition is now available in 
two volumes. Price per volume $8.50 
Published by John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N.Y. The 
Power volume was edited by Mr. Salisbury 
and prepared by a staff of specialists 
This book has twenty sections comprising 
a total of 1460 pages Many of these see- 
tions are of special interest to the welding 
engineer, particularly, the sections on pip- 
ing, steam generation unit, test codes, etc 

The second volume on Design was 
edited by Mr. Carmichael with a staff of 
specialists. This book consists of 28 sec- 
tions comprising a total of 1640 pages 
There are certain sections of particular in- 
terest to the welding engineer inasmuch as 
it endeavors to take in account the latest 
developments on flow and fracture of 
The knowledge in this field is 
carefully worked in in the section on Gen 


metals 


eral Properties of Materials and in other 
sections. It has in addition to Properties 
of Materials, sections on Iron and Steel, 
Corrosion and Corrosion Resistance, Non 
ferrous Metals and Alloys, Fabricated 
Materials, Strength of Materials and 


similar items 
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Engineering Properties of Nickel 
Alloys 

Two new technical bulletins on the 
properties of high nickel alloys have been 
issued by The International Nickel Co., 
Ine. Both are twenty-four pages in length 
and contain charts, tables on compositions 
and properties, working instructions and 
other information of a technical nature 

While each of the bulletins represents, 
to some extent, revisions of earlier bulle- 
tins on the same subjects, the revisions 
have been so complete and the new data 
contained so extensive that they are essen- 
tially new presentations 

Technical Bulletin T-7, 
is entitled, 
Inconel 


one of the two, 
Engineering Properties of 
In addition to information on 
Inconel, it contains material on Inconel 
“XX.” one of the newer age-hardenable 
Inco nickel alloys 

The second publication is Technical 
Bulletin T-9 and deals with the engineering 
properties of K Monel and “KR” 
Monel Both are available without charge 
through the Technical Editor of The Inter- 
national Nickel Co., Inc., 67 Wall St., 
New York 5, N.Y 


Corrosion Prevention 


In a new bulletin the Metallizing Engi- 
neering Co., Inc. announces the new Meteo 
This 


new technique prevents rust on tanks, 


Svstems for Corrosion Prevention 
bridges, piling, ship and boat hulls, re- 
frigeration equipment and fabricated steel 
products for 25, 50 or 100 vears 

The Metco Systems provide pure zine or 
aluminum coatings properly treated to 


withstand various corrosive conditions 


The pure zine or aluminum is applied 
directly to the steel base with standard 
metallizing equipment In most systems 
the zine or aluminum is then given a spe- 
cific organic treatment depending on the 
service requirements 

The application of these metallized coat 
ings are not limited in thickness. The size 
or location of the tanks or structures is not 
a limiting factor 

Bulletin 93 briefly describes the Metco 
Systems and their uses and applications 
Send for your copy of “Corrosion Preven- 
tion with the Metco Metallizing Systems” 
today. Metallizing Engineering Co., Ine., 
38-14 30th St., Long Island City 1, N. Y 


Welded Piping Fittings 


Mid- 


contains, 


\ catalog recently published by 
west Piping & Supply Co., Inc., 


in addition to data on its line of welding 


fittings, a 65 page tec hnical reference sec- 
tion for engineers of welded piping sys- 
tems 

The St. Louis firm's Catalog No. 48 con- 
tains charts, tables, graphs, condensations 
and discussion of pipe specifications, weld- 
ing data, design formulas, metallurgical 
information and other engineering data. 
There are digests of more than 20 A.S.A 
and A.S.T.M. specifications covering pipe, 
fittings and flanges, with a discussion of 
code requirements for pressure piping 
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Charts show the 
chemical! analyses of various kinds of pipe 
and fittings. One section is devoted to 


physical properties and 


tables on working pressures, stress values 
and pressure ratings. Charts are included 
for easy calculation of expansion, modulus 
of elasticity and flow resistance of bends, 
fittings and valves 

As an aid to the lay-out engineer, addi- 
tional charts show the working dimensions 
of all welding fittings and flanges and over- 
all dimensions of various fitting combina- 
More than 100 photographs are 
employed to show types of installations 
and to illustrate the use of such fittings as 


tions 


welding saddles and sleeves 
Catalog No 
pictorial index of Midwest's line of fittings. 


48 also features a complete 


Arc-Welding Reprint 


A new reprint, “Are Welding in Railroad 
Shops,’ has been announced by Al Re- 
duction Sales Co., A Division of Air Re- 
duction Company, Ine 

This 
appeared in Tur We.pinc JOURNAL, was 
written by E. Di Liberti, Aireo welding 


8-page article, which originally 


specialist, and stresses the importance of 
welded design in railroad car construction, 
rather than the mere re placement of rivet- 
ing by welding. The article also covers the 
importance ol choosing the correct elec- 
trode for various welding jobs in the indus- 
try 

The article is illustrated with 8 sketches 
and photog iphs 
ADR-65 
obtained without contacting 
Airco sales office or writing 
i2nd St., 


Copies of this reprint may be 
charge by 
your nearest 
Air Reduction Sales Co., 60 I 


New York 17, N. ¥ 


Tubing 
The Wallace Supplies Mfg. Co., 1300 
Diversey Parkway, Chicago 14, IL, has 


issued a sper ial catalog in connection with 
their 50th anniversary 

This 60-page catalog inc ludes their sub- 
sidiary Wallace Tube Co 
Div., Alloy Tubes Co. Div. and Welded 
Truck & Specialty Co. Div. and pertains 
warehousing and 


companit 


bending 
fabricating of pipe and tubing 
In addition to serving as a catalog, this 


entirely to 


pamphlet also contains valuable informa- 
tion in this field 


Structural Steel 


The American Institute of Steel Con- 
struction, Inc., 101 Park Ave., New York 
17, N.¥ has issued a handsome brochure 
of 64 pages 
shapes and advantages 


covering structural steel, 
Each section is 
copiously illustrated with modern applica- 
iV tilable on request 


tions. Copy 


Brazing Alloys 


The United Wire & Supply Co., Brazing 
Alloy Division, Providence, Rhode Island, 


has issued a catalog giving technical and 
other data on packaged brazing alloys. 
This pamphlet is 28 pages, copiously illus- 
trated and contains valuable engineering 
data and tables 
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Guide for Hard-Facing Metal 
Parts 


A new 40-page hard-facing manual has 
recently been published by the Haynes 
Stellite Division, Union Carbide and Car- 
bon Corp., Kokomo, Ind. The booklet, 
“Haynes Alloys——Hard-Facing Manual,” 
tells the complete story of hard facing. It 
describes how to select the right alloy; 
which welding process to use; and gives 
simple, step-by-step instructions for apply- 
ing the various rods by both the oxyacety- 
lene and metallic-are welding processes. 
Information is given on the properties and 
available sizes of 12 Haynes hard-facing 
materials. 

The booklet should prove to be a helpful 
guide for all those interested in prolonging 
the life of parts and equipment, such as 
manufacturers and users of metal parts, 
welding engineers, master mechanics, 
maintenance superintendents and plant 
foremen. Copies may be obtained by 
writing to the Haynes Stellite Division, 
Union Carbide and Carbon Corp., 725 
8. Lindsay St., Kokomo, Ind 


1919 Book of A.S.T.M. Standards 


Issued 


8000-Page Book—in Six Parts Gives in 
Latest Approved Form 1550 Standards, 


Specifications, Tests, Definitions, Ete 


With over 8000 pages, including the 
more than 1550 standards, specifications, 
‘tests and definitions for materials, the 
1949 Book of A.S.T.M. Standards is issued 
in Six parts. 

This important book, used not only in 
the United States and Canada but 
throughout the world for purchase of ma- 

‘terials, and particularly for evaluating 
their quality through the standard tests 
that are given, is made up as follows: 


Stand- 
ards 


Ferrous metals 275 1400 
Nonferrous Met- 

als 240 1170 
Cement, concrete, 

ceramics, ther- 

mal insulation, 

road and water- 

proofing mate- 

rials, soils 
Paint, naval 

stores, wood, 

adhesives, ship- 

ping containers, 

paper 

5. Textiles, soap, 

fuels petro- 

leum, aromatic 

hydrocarbons, 

Water 330 1730 
Electrical insula- 

tion, plastics, 

rubber 240 1410 


Pages 


Each Part of the 1949 book is complete 
with detailed subject index, two tables of 
contents and arranged to provide the 
thousands of technologists and others in 
industry and government with as usable a 
book as possible 


OS4 


To keep the books up to date, a supple- 
ment will be issued to each part late in 
1950. As a service with the 1949 Book of 
Standards there is a complete Index to 
Standards, which is furnished without 
additional charge. (The latest 260-page 
Index is in course of publication, to be 
available about July 1950.) 


Sales Prices 
1949 Book of A.S.T.M. Standards 


Serviceable blue cloth binding, red back- 

straps * 

Parts 1, 5, 6 

Parts 2, 3, 4 

A complete set of all six 
parts $54.00 set 


*For half leather, add $2.00 for each part. 


$10.00 each 
$ 8.00 each 


Copies may be obtained from the Ameri- 
ean Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 


Murex Catalog 


Metal & Thermit Corp. has issued a new 
catalog of mild steel are-welding elec- 
trodes. The new 16 page booklet con- 
tains two pages of data on each of seven 
Murex electrodes meeting various A.W.S.- 
A.S.T.M. requirements for mild steel are 
welding electrodes. Information ineludes 
descriptive and application data, identify- 
ing colors of coatings and tips, standard 
diameters and lengths and operating pro- 
cedures as well as weld metal analyses and 
physical properties and other material 
useful in choosing and using the correct 
electrode on mild steel applications. The 
catalog is 8'/, x 11 in. in size and is well 
illustrated with performance charts and 
application photographs. 


Metallizing Saves Money 
Ram Repairs 


The current issue of the Metco News 
shows how metallizing saves money on 
ram repairs. For instance, the two worn 
press rams reclaimed by the Issacson Iron 
Works of Seattle, Wash. One was rated 
at 1500 tons and the other at 1000 tons; 
made of cast iron, they had to be ground 
to a high polish and be flawless on the sur- 
face. New rams average in cost about 
$2000 f.o.b. Seattle. The 1500-ton ram 
was turned down in the lathe to a base 
diameter of 277/, in. x 7 ft. long before 
applying 800 Ib. of stainless steel wire with 
two Metco type 2E Guns. The metal 
applied, added '/, in, to the diameter of 
the ram, which was then turned down to 
within a few thousandths of the final grind- 
ing operation. The total cost for the job 
was little more than half the cost of a new 
ram. 

Another metallizing user, a large plasties 
processing company, stopped corrosion 
with metallizing, They operate 400 hy- 
draulic presses with 424 rams ranging in 
size from 3 in. diameter by 18 in. long, to 
24 in. diameter by 36 in. long. The rams 
are of cold-rolled steel and operate where 
water treatment is not possible. This user 
states, “Several tvpes of coatings were in- 
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vestigated, and surfaces sprayed with 
stainless steel proved to be the most satis- 
factory and economical since sufficient 
coating could be applied to guarantee pro- 
tection against the corrosive action of the 
water. Recent checks lead to the belief 
that some of these rams may last as long 
as 10 vears before recoating is necessary.” 

These are but two of several case his- 
tories reported in the current Metco News 
Other metallizing applications suggested 
are armature shafts, journals, lathe beds, 
plug cocks, pulleys, spindles, etc. Write 
for your copy of the Metco News, Vol. 5, 
No. 2, Metallizing Engineering Co., Inc., 
38-14 30th St., Long Island City 1, N. Y, 


The Are Dawns on the Farm 


A new light—the electric are—is ap- 
pearing in farm shops, barns and garages 
from Maine to California. Farmers by 
the thousands are now saving themselves 
time and money by using are welding to 
do their own quick easy repairing and 
building of farm equipment 


A new book “Are Welding Lessons —for 
School Shop and Farm” for which this 
picture is the frontispiece ) will be available 
this summer from The James F. Lincoln 
Are Welding Foundation, Cleveland 1, 
Ohio at a price of $1.00, postage prepaid 
The 325-page textbook on learning to 
weld and how to use are welding equipment 
is being prepared for the foundation by 
Associate Professor Harold L. Kugler of 
Kansas State College 


Welders 


The Lincoln Electric Co. of Cleveland, 
Ohio has issued a 4-page circular describing 
the Lincoln “Shield-Are’’ S.A.E. welders 
These are driven by either a.-c. or d.-c 
motors. Copy of bulletin available on re- 
quest. 
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PRODUCTS 


Announces New Hard- 


Airco 


Facing Alloy 


A new hard-facing alloy, Aircolite 59, 
has been added to their line of hard-facing 
alloys, it was announced by Air Reduction 
Sales Co., A Division of Air Reduction 
Co., Ine 

The new alloy, which has been on field 
trial for more than a year, is designed pri- 
marily for applications involving high 
stress abrasion with medium impact 

Cast in rod form, Aircolite 59 is com- 
posed principally of chromium, molyb- 
denum, carbon and iron. It has a low 
coefficient of friction, and therefore, ac- 
quires a high polish in service. The de- 
posit maintains its high hardness at tem- 
peratures up to 800° F 

The new alloy is available in bare form 
for oxvacetvlene application or coated for 
electric application. 

According to the manufacturer, Aircolite 
59 is recommended for building up sur- 
faces subject to high stress abrasion and 
metal-to-metal friction where impact is 
moderate and abrasion severe It is 
suited to many applications in steel mills, 
foundries and metal-working plants 

Further information may be obtained 
from your nearest Airco sales office or 
authorized dealer 


New Welding Cable 


\ new type of welding cable for both 
electrode and ground, Linconductor ¢ ‘able, 
combining new design features with new 
manutacturing methods to increase both 
cable life and cable flexibility, is now avail- 
able through The Lincoln Electric Co. of 
Cleveland, Ohio. The new features of the 
cable combine to produce a low cost cable 
with performance equal to premuum rub- 
ber-covered cable 

Linconductor Cable is unique in that 
the outer cover is neoprene with a paper 
separator of 2'/, mil thickness between the 
outer cover and the copper stranding 
The combination ot neoprene and paper 
separator makes for long cable life and 
maximum flexibility with freedom from 
cable kinking and copper oxidation 

As an exterior cover for welding cable, 
neoprene is superior to others commonly 
used, including rubber, in its resistance to 
oil deterioration. It is also unsurpassed in 
all tests made for 10-vear aging by ex- 
resistance to flame burning and 
copper oxidation. It has excellent tensile 
strength and resists abrasion, impact, 


posure 


fatigue, bending and permanent set alter 
stretching 

Linconductor Cable supplements Lin- 
coln's top quality line of rubber-covered 
cable, Stable Are Cable. It is available in 
the following sizes: 4/0, 3/0, 2/0, 0, No 
1, No. 2, No. 4and No. 6 
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Safety Eyewear Frame Selection 
Made Easy 


To aid industrial safety directors in 
choosing the proper safety glasses for 69 
specific jobs, Bausch & Lomb has produced 
4 compact, easy-to-use Safety Evewear 
se lec tor 

“The problem of determining which 
type safety frame prov ides the best on-the- 
job protection is solved by using the selee- 
tor according to Frederick J Koeth, 
head of Bausch & Lomb's Protective Eve- 
wear Department 

Job classification numbers refer users to 
a sliding selection table that lists such 
occupations as Acetylene welders, drillers, 
platers, riveters and the like The various 
safety frames applicable for each task are 
numbered and illustrated for identifiea- 
tion. Koeth further stated that, “Any- 
thing which simplifies administration of 
safety programs bolsters the extent of the 


programs coverage 


The selectors may ” obtained from 
Bausch & Lomb area representatives in the 


United States and Canada 


Respirator 


American Optical Co.'s newest twin 
cartridge respirator the R5055, providing 
protection against low concentrations of 
organic vapors and all dusts (nuisance, 
toxic, pneumoconiosis-producing ), has re- 
ceived Bureau of Mines approval BM- 
2305. It is the first such respirator so 
ipproved, the company announces 

No longer is it necessary for people ex- 
posed to both types of atmospheric con- 
taminants to change respirators, the com- 
pany pointed out In addition, other 
cartridges for use with this same basic 
respirator face piece, protect against acid 
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gases, combined acid and organic gases, 
ammonia and metal fumes. 

All these cartridges are uniformly 
pac ked under electrical control and are 
supplied in balanced pairs. Users may 
now switch cartridges for different uses 
instead of hav ing to purchase several types 
of respirators 

The R5055 \espirator—featuring twin 
cartridges containing especially activated 
sorption material and revolutionary new 
chemically treated felt has also been 
tested and found satisfactory by the 
United States Department of Agriculture 
for respiratory protection against low con- 
centrations of the new and highly toxie 
insecticide, parathion 


Plate Shows Almost 


Absorption of infrared 


Welding 
Entire 
and Ultraviolet Rays 


G-S Welding plates have been developed 
as a result of scientific research to filter out 
harmful ultraviolet and infrared rays pres- 
ent in electric welding 

They are accurately graded for density 
of shade and thickness as set forth in the 
U. S. Federal Spe cifications GGG-H-211 
for welding helmets and shields 


The standard size of G-S8 welding plates 
Also available in 2 x 44/2 in 


is 2x 4'/,in 


The protection that a welding plate pro- 
vides against infrared and ultraviolet rays 
depends not on its color, but on its chemi- 
\ plate may be so dark 
that you cannot see through it, vet it may 
still let through these invisible rays 


eal contents 


GS pl ates are chemically compounded 
to screen out both infrared and ultraviolet 
They are guaranteed to absorb 99.5% or 
more infrared and 99.75% or more ultra- 
violet 

Order direct from the General Scientific 
Equipment Co., 2700 W. Huntingdon 8t., 
Philade Iphi i 32, Pa 
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Cutting Electrode 


All-State Welding Alloys Co., Inc., 273 
Ferris Ave., White Plains, N. Y., an- 
nounced recently an all-purpose cutting 
electrode that cuts, pierces, gouges, 
chamfers or removes welds without the 
use of oxygen or special equipment and 
equally well from welding machines of 
either the motor-generator type or the 
a.-c. transformer type. 

This new cutting electrode is well de- 
scribed as all-purpose or general utility. 
Field tests on many different metals have 
indicated its selection particularly on such 
difficult metals to cut as cast iron, nickel 
and stainless steel. Its performance on 
these metals, without oxygen, is definitely 
better than results experienced in are cut- 
ting with oxygen. It also has proved su- 
perior for cutting iron, steel, aluminum, 
copper, copper alloys and nickel alloys. 
Grease-impregnated cast iron can be pre- 
pared for welding with this electrode. 

Secret of the fast cutting and easy con- 
trol which characterize this electrode is a 

‘highly heat-resistant coating that concen- 
trates the are at the top. The coating 
burns off at an even rate with the metallic 
core 

This new electrode is designated as All- 
State All-Purpose Cutting Electrode 
Sizes for all thicknesses of metals are being 
made available through All-State dis- 
tributors. 


Automatic Welding Machine 


A new, completely unitized automatic 
welding machine especially designed for 
production welding and hard facing, is 
being built and sold by Leader Welding 
and Mfg. Co., 2418 Sixth St., Berkeley, 
Calif. Known as the “Leader,” the ma- 
chine incorporates a 500-amp. a.-c. 
welder, an automatic welding head and a 
positioner having accommodations for 
both horizontal and angular mounting of 
the work. The unit, as sold, is complete, 
ready to use and requires only to be con- 
nected to 220 or 440-v. a.-c. power line. 


Fig. 1. 
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Detail of seam welder on Rheemcote 55-gallon 
drum line shows copper wheel, center, which forces lapped 
seam of drum against similar wheel directly beneath, 
creates continuous seam weld without heating drum be- 
yond narrow strip at seam 


futomatic Welding Machine 


The a.-c. power supply contains two 
windings-the heavy duty side supplies the 
automatic head with variable heats of 
from 100 to 500 amp. 

The Automatic Head is of simple, main- 
tenance-free design. It handles all sizes 
and types of automatic wires and has pro- 
visions for manual step-over control for 
spacing weld beads as well as horizontal 
travel along its supporting arm. If sub- 
merged-are operation is required flux is 
supplied from an attached hopper. All 
machine controls are set up for dual opera- 
tion at the machine or the welder. 


Bending Press 


The Cleveland Crane and Engineering 
Co., Wickliffe, Ohio offers an unusual 
Steelweld bending press Model M06-12, 
having a bending capacity of 500 tons, 
which will bend up to */, in. plate 20 ft. 6 
in. long. The machine is designed to take 
a special large gooseneck punch, and for 
this reason has a shut height of 30 in. 
However, the ram is provided with an ex- 
tension as shown in the photograph, 


Fig. 2. 
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Bending Press 


which brings the shut height down to 16in. 
permitting the use of standard dies when 
desired. 

The over-all height of this machine is 17 
ft. 1 in., with 2 ft. 6 in. below the level of 
the floor. The bed and ram have an over- 
all length of 20 ft. 6 in. which includes a 
3-ft. extension on both ends. The depth 
of the bending press is 9 ft., and the dis- 
tance between the housings if 12 ft. 6 in 
An extra deep 18-in. throat permits un- 
usual bending possibilities and is a stand- 
ard feature of all large Steelweld presses. 

Fabricated entirely of heavy-rolled 
steel plate by welding, the frame of the 
machine is unusually rigid. Under full 
load the average deflection is not more 
than 0.001 in. per foot between housings. 


Color Lithography Process for 
Large Steel Shipping Containers 


Introduction of multi-color lithography 
to the exterior of 55-gallon steel drums, 
opening new avenues in packaging and 
merchandising of oils, chemicals, foods and 
other products, was announced recently by 
the Rheem Mfg. Co., 570 Lexington Ave., 
New York City, world’s leading producer 
of steel shipping containers. 


Electric resistance lap welder forms weld at seam 
of Rheemcote drum free of scale and without burning al- 
ready lithographed finish or lining of drum. 
“hour-glass” rolls hold drum to perfect circular cross 
section for welding, do not mar finish 


Polished 
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Users of large steel containers now can 
introduce in two to four colors their brand- 
name, trade marks and other packaging 
information to containers of all sizes and 
in detail as fine as on paper, thus enabling 
consistency in package design and label- 
ing, from the smallest can or pail up 
through the 55-gallon drum 

Along with the development of the spe- 
cial multicolor metal lithograph presses, 
Rheem has created and adapted special 
machinery which forms and welds the flat 
lithographed steel sheets into drums with- 
out marring or burning the glistening sur- 
face 


Paint Removing Torch 


\ new paint-removing burner which re- 
moves paint from metal faster and more 
thoroughly, has been announced by Na- 
tional Cylinder Gas Co It also removes 
scale and rust and dehydrates the metal 
surface, leaving a clean surface for repaint- 
ng 

The burner uses a new principle in which 
an oxyacetylene flame is supple mented by 
a low-velocity flow of pure oxygen, result- 
ing in rapid oxidation of the heated paint 
This is the first time that the combination 
ot pure oxygen with the oxyacetylene 
flame has been used for this purpose. The 
burner is designed to be attached to NCG's 
Torchweld “75” 
the entire unit is light and easily handled 
Replaceable wear-resistant guide 
maintain correct distancing of the burner 
from the metal surface 

Compared with other flame paint-re- 
moving apparatus, the new burner gives 
cleaner surfaces, increased speed and re- 
duced gas consumption 
average painted surface is estimated at 
600 sq. ft. per hour using a 4-in. burner 

Cost of the new burner unit, less torch, 
is $35 for the 2-in. size, $39 for the 4-in 
size. Cost of the cutting torch is $29 
Further information may be secured from 
National Cylinder Gas Co., 840 N. Michi- 
gan Ave > Chicago Il, ll 


hand-cutting torch and 


shoes 


Speed on an 


Aveust 1950 


Modern Packaging 


Tweco Products Co., Wichita 1, Kansas, 
nas Just rece ntly complete <l the job of de- 
signing and ordering a complete new lay- 
out of packages for Tweco Products. They 
have followed what is known as a ‘Family 
Style Package That is, all of the cartons 
follow the same general styling so that 
each is easily identified as a Tweco Prod- 
uct The cartons are made of a top qual- 
ity, tough kraft board. The color scheme 
is a bright vellow background with black 
lettering 

The cartons are perfectly flat on top and 
This lets them stack easily on a 
shelf. One end of the carton also contains 


bottom 


product information so that the sales per- 
son can identify the product from the end 
of the carton. One side panel also con- 
tains product informatior Rach of the 
remaining sides and end contain the slogan 
‘Connect with Tweco 


Electrode Holders 


Duro Engineering Co. 136 Park St., New 
Haven, Conn. announces an important 
improvement in Duro electrode holders 

The trigger has been completely re-de- 
signed, the angle of the lever having been 
lowered for extra easy grip and operation 
On the fully insulated model the insulation 


New paint-remov- 
ing burner, an- 
nounced by National 
Cylinder Gas Co., 
uses a flow of pure 
oxygen in addition to 
an oxyacetylene flame 
for faster and more 
thorough removal of 
paint from metal sur- 
faces The burner 
unit (right), which 
attaches to NCG’s 
*“Torchweld” cutting 
torch: is equipped 
with separate rows of 
orifices for the oxygen 
and the heating gases 


Ne uw Py oducts 


subject to high heat is made of heat resist- 
ing material, and is easily replaced. 


Vertical Furnace 


This new, upright electric furnace, fea 
turing two different temperature ranges 
was first employed in the government's 
Argonne National Laboratories. It exem 
plifies the engineering of special designs by 
the K. H. Huppert Co., 

j 


manufacturer of laboratory and small-unit 


long-established 


production eleetric furnaces and ovens 
The vertical structure of this special 
furnace suggests many general and varied 
industrial applications, such as basket 
heating, steel hardening, or drying and 


firing of ceramics 


One version of this versatile furnace in- 
cludes an inside fan assembly for equalized 
temperatures up to 1250° I Phe seeond 
model has a maximum temperature of 
2000" | 

He 


without recirculation 


v angle-iron, welded construction, 


with 12 gage body plates, is protected by 
All ex- 


i green Hammerloid baked finish 
within the furnace 
Over-all 
dimensions are approximately 60 x 48 in 
x 

Details on this and a full line of standard 
Huppert 
to special engineering facilities may be 
obtained by contacting the K. H. Huppert 
Co., 6830 Cottage Grove Ave., Ghicago 37 
Ill 


posed metal parts 


chamber are of stainless steel 


furnaces and ovens, in addition 
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Prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commission of Patents, Washington 10, D.C. 


2,508,330—Wetp Conrro. Cirevit with 

Inpvuctive Voutace ELiMInation 

Edwin M. Callender, Cynwyd, and 

Herbert D. Van Seiver II, Merion, Pa., 

assignors to The Budd Co., Philadelphia, 

Pa., a corporation of Pennsylvania. 

This control circuit relates to a load 
which is subject to voltage and current 
change. Means are provided for translat- 
ing the voltage variable with the load volt- 
age and means for neutralizing load current 
change effects on the voltage translator to 
obtain a corrected load voltage value vari- 
able only with load resistance. A voltage 
comparator is connected to the load for 
comparing the corrected values of the maxi- 
mum initial load voltage prior to change 
to a subsequent load voltage after a load 
change is also provided in the circuit. 
Other means are provided for selecting a 
percentage of the corrected initial voltage 
for each load. A cireuit control mecha- 
nism operator is provided and means are 
furnished for energizing this operator on 
change of the corrected initial load volt- 
age to the selected percentage value. 


2,508,708—Resistance WELDING SysTEM 
John W. Dawson, Auburndale, Mass., 
assignor to Raytheon Manufacturing 

Co., Newton, Mass., a corporation of 

Delaware. 

Dawson's welding system includes a con- 
denser for storing electrical energy, means 
for charging the condenser means, and a 
transformer for feeding the load. Con- 
trol discharge means are provided for dis- 
charging the condenser through the trans- 
former to the load, and other means are 
provided for controlling the discharge 
means to pass the discharge current in op- 
posite directions through the transformer 
for alternate operation. 


or Scarring Torcu 
Howard G. Hughey, Fanwood, N. J., 
assignor to Air Reduction Co., Ine., 
New York, N. Y., a corporation of New 
York. 
This patented torch apparatus includes 
a valve for controlling flow of oxygen 
through the torch and a flux feeder is pro- 
vided for feeding flux into the oxygen 
passage and includes an electric motor 
A pressure-responsive device is carried by 
the torch for operating the electrical motor 
and a conduit is operatively associated 
with the torch and places the pressure-re- 
sponsive device in communication with the 
oxygen passage in the torch at the down- 
stream side of the valve 


2,509,606-—ConTrRoL For 
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Macuines—Alexander H. McPhee, 
Brooklyn, N. Y., and David Bruce 
Johnston, Mamaroneck, N. Y. 

This flash-welding machine includes a 
press having fixed and movable platens 
with a mechanical cam for closing the 
platens during the “burn-off”’ period of a 
welding operation. Hydraulic means also 
are present and, after a predetermined 
closing movement of the platens, effect an 
upset at the weld. 


2,509,654—Ficuxes ror Use in Arc 

A. Smith, East 

Cleveland, Ohio, assignor to The Lin- 

coln Electric Co., Cleveland, Ohio, a 

corporation of Ohio. 

The novel flux composition in this in- 
stance comprises a material which is granu- 
lar, prefused and consists essentially of s 
major proportion of silicon oxide and an 
oxide of a metal selected from the group 
consisting of manganese, calcium, mag- 
nesium and aluminum. A fraction of one 
per cent of the flux is made from a metal 
oxide of the group of metal consisting of 
lead, antimony and bismuth. 


FoR ExLectrric ARc 

One Meratiic 

to AnorHer Paul Christiaan van der 

Willigen and Simon Dirk Boon, Eind- 

hoven, Netherlands, assignors to Hart- 

ford National Bank and Trust Co., 

Hartford, Conn., as trustee. 

This patented article comprises a semi- 
conductive slag-forming solid body which 
has a planar surface adapted to abut one 
of the workpieces to be welded together. 
The body also has a surface substantially 
opposed to the planar surface with a 
passageway extending between such op- 
posed surfaces. The passageway adjacent 
the said other surface has a diameter 
adapted to receive the other of the work- 
pieces inserted therein and a restricting 
ledge is provided in the passageway to 
limit the degree of insertion of said other 
workpiece. 


2,510,000-——Merruop AND ARTICLE FOR 
E.ecrric Arc ONE 
Workpiece To ANoTHER—Paul Christ- 
iaan van der Willigen and Simon Dirk 
Boon, Eindhoven, Netherlands, as- 
signors to Hartford National Bank and 
Trust Co., Hartford, Conn., as trustee. 
This method patent relates to the use of 
the solid body covered in patent No. 
2,509,999 and comprises positioning the 
solid member or body intermediate 2 work- 
pieces and constantly biasing one of the 
workpieces toward the other while passing 
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an electric current through the work- 
pieces and the said semiconductive solid 
member. Thus an are is struck between 
the workpieces and the heat of the are 
melts at least a portion of the slag-forming 
solid member whereby the workpieces are 
gradually moved into abutting relation- 
ship after which the electric current is in- 
terrupted. 


2,510,099— W ELDING Equipment —Gil- 
bert Gilliver, London, England, assignor 
to International Standard Electric 
Corp., New York, N. Y. 

The patented equipment relates to a 
fuse-welding apparatus of the type in 
which discharge of electrical energy stored 
in an electrical capacitor effects the weld- 
ing action. The apparatus includes a 
pencil-like tool with an electrode disposed 
coaxially within the pointed end of the 
tool and projecting therefrom. A pair of 
normally closed electrical contacts are 
within the tool and means are provided 
for opening the contacts, which means ex- 
tend through the periphery of the tool. 


2,510,101—Execrric Percussion 
inc System—Harold J. Graham, Bos- 
ton, Mass., assignor, by mesne assign- 
ments to Graham Manufacturing Corp., 

Detroit, Mich., a corporation of Michi- 

gan. 

Graham’s apparatus includes a gun 
having a chuck for holding one of two 
workpieces relatively to the other, and 
impact means are provided for forcing the 
pieces together by applying a blow to the 
ehuck. Conductor means may connect 
to terminals for electrical energy supply 
means and two normally separated con- 
tacts are arranged in the apparatus one on 
the impact means and one on the chuck 
and are so positioned that such contacts 
engage each other prior to the application 
of the blow to the chuck to force the work- 
pieces together 


or Makino TuBEs 

Harold Owen Jones, Pleasantville, N 

Y., assignor to Air Reduction Co., 

Inc., a corporation of New York. 

This tube-making method comprises 
the operation of forming metal skelp to 
tubular shape by bending the lateral 
edges of the skelp together to form a 
longitudinal seam, which tube is moved 
past a preheating station to a welding sta- 
tion. A gas shield is provided for the 
welding are such that it forms a continua- 
tion of the shield produced by a preheating 
flame used and extends the protected zone 
of seam edges provided by such preheating 

me. 


THe WexLDING JOURNAL 


‘ 
4 
d 
|| 


KODAK INDUSTRIAL 
X-RAY FILM, TYPE F 


To examine this pressure vessel, the radiographer was 
faced with a thick section of dense material, and with 
x-ray equipment low in power for the size of the job. 

This called for Kodak Industrial X-ray Film, Type F. 
Because this film, exposed with Kodak Industrial X-ray 
Intensifying Screens, provides high contrast radiographs 
produced in the shortest possible exposure times. 

Type F, exposed direct or with lead-foil screens, gives 
good results where wide exposure latitude is required, 
such as when a wide range of section thicknesses is to 
be recorded in a single radiograph. 


RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on 


RADIOGRAPHY 


radiographic principles, practice, and 
technics. Profusely illustrated with 
photographs, colorful drawings, dia- 


grams, and charts. Get your copy from 


your local x-ray dealer—price, $3. 


Radiography... 


another important function of photography 


A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro- 
duces four types of industrial x-ray film. These 
provide the means to check welds efficiently and 
thus extend the use of the welding process. 


Type A 
study of light alloys at low voltage and for examining 
heavy parts at 1000kv. Used direct or with lead-foil screens. 


has high contrast with time-saving speed for 


Type M—provides maximum radiographic 
under direct exposure or with lead-foil screens. It has extra- 
fine grain and, though speed is less than in Type A, it is 
adequate for light alloys at average kilovoltage and for 
much million-volt work 


sensitivity, 


Type F— provides the highest available speed and contrast 
when exposed with calcium tungstate intensifying screens. 
Has wide latitude with either x-rays or gamma rays, ex- 
posed directly or with lead screens 


Type K—has medium contrast with high speed. Designed 
for gamma ray and x-ray work where highest possible speed 
is needed at available kilovoltage without use of calcium 


tungstate screens. 


EASTMAN KODAK COMPANY 
X-ray Division * Rochester 4, N, Y. 


TRADE-MARK 


Product - Materia) - Equipment - : 

4 Welded 2-1/2" coig 250 ky § 
a Pressure rolled Steel X-ray Machine 
vesse) 


2,510,204.—-F LexipLe SuBMERGED MELT e 


Macuine—Albert W. Baird, 
Cranford, N. J., assignor to The Linde 
Air Products Co., a corporation of Ohio. 
The patented apparatus includes a 
closed hopper in which the granular weld- 
ing material is received and a flexible tube 
conducts such material from the hopper to 
the welding zone. Means are provided 
for applying gas under pressure to the top 
of the material in the hopper so that such 
material is positively fed through the 
tube from the hopper to the welding zone. 


2,510,205—INert-Gas Con- 
Tinvous-Feep Mertat-Arc WELDING 
Apparatus, Albert W. Baird, Cranford, 
N. J., assignor to The Linde Air Prod- 
ucts Co., a corporation of Ohio. 
This patent covers a specialized appara- 
tus of the character indicated. 


2,510,207—Fivi Conrrot ror Inert 

Gas Bianketep Arc —Ed- 

ward R. Behnke, Newark, and Stanley 

H. Royer, Elizabeth, N. J., assignors to 

The Linde Air Products Co., a corpora- 

tion of Ohio. 

This are-welding apparatus includes a 
torch having an electrode and a nozzle and 
a cooling jacket is provided for the torch 
A valve is provided in the supply of cool- 
ing fluid to the torch and means responsive 
to voltage change in the electric circuit in- 
eluding the electrode are provided for 
actuating the control valve 


Gen wirn Gas 
Arc—Paul Gilbert Pitcher, 
Detroit, Micvh., assignor to Sidney M. 
Harvey, Detroit, Mich. 


2,510,415 


A specialized device of the character 
indicated in the title is disclosed in and 
covered by this patent. 


2,510,620-—-Are Strup Wetpina Gun 

Kenneth C. Craven, Fitchburg, Mass., 

assignor to General Electric Co., a 

corporation of New York. 

This gun includes a cylindrical body sec- 
tion and a nose section removably at- 
tached to the body section, while a tubular 
section communicates between the nose 
and body section. An electrically con- 
ducted stud holder is provided within the 
body section and a plurality of spring 
biased ball retainers are positioned around 
the periphery of this cylindrical cavity to 
grasp a stud therebetween. A similar 
group of ball retainers are mounted 
around the periphery of the tubular sec- 
tion to grasp a ceramic ring therebetween 


2,510,652 Low-Fre- 
QquEeNcY ConTROL FoR WeLpina—John 
R. Parsons, Kenmore, and Clarence 
B. Stadum, Snyder, N. Y., assignors to 
Westinghouse Eleetrie Corp., East 
Pittsburgh, corporation of 
Pennsylvania 
This patent covers a special electrical 

control for use with a load device having 

first, second and third terminals that are 
to be supplied from first and second buses 
of a single phase source of electrical energy 


2,510,744—Weipv Wueer Construction 

Boo H. Forssmark, Warren, Ohio, 

assignor to Federal Machine and Welder 
Co., Warren, Ohio. 
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This patent covers a weld wheel con- 
struction wherein the wheel has a central 
opening therethrough with a shaft being 
received in a portion of such opening. 
Other means are secured to the weld 
wheel and secured to the shaft to close 
another side of the said opening and 
form a chamber in the weld wheel for re- 
ceiving a cooling fluid. 
2,510,956—Resistance 

J. Brown, Stratford, Conn. 

This resistance welding method in- 
cludes the steps of pressing the electrodes 
onto the work with normal welding pres- 
sure snd measuring the electrical resist- 
ance of the path through the work thus 
formed to determine the relation thereof 
to a preselected resistance value. Then 
the necessary welding current is passed 
through the work so that the total energy 
of such current produces a substantially 
equal action for different welds, since the 
current is adjusted in conformity with the 
relation of the determined resistance to 
the preselected resistance. 


Jesse 


2,510,960--Meran Currinac Rop anp 

Process—Frangois Georges Danhier, 

Schaerbeek, Belgium, assignor to La 

Soudure Eleectrique Autogen Societe 

Anonyme, Brussels, Belgium. 

The patented metal cutting rod and 
process include the steps of establishing 
an alternating current metallic are from a 
core to the work, and passing a stream of 
oxygen in open air through the interior of 
the alternating current are to the work. 
This are fuses the core and an ionizing 
mineral, nonoxygen-liberating coating and 
the fused products of the coating and core 
are projected into the cut under the action 
of the are and the stream of oxygen. 


Wetper—Ulysses 8S 

Dunn, Milwaukee, Wis. 

This apparatus relates to a spot-welding 
machine wherein a pair of electrode arms 
are provided and at least one of which is 
movable toward the other to clamp a work- 
piece between the electrodes. A __ first 
lever connects to the movable arm while a 
second lever has a pivotal connection to 
the machine with the first lever being 
pivotally mounted upon the second lever 
at a point longitudinally spaced from and 
parallel to the pivotal connection of the 
second lever. Resilient means oppose 
movement of the second lever so that the 
first lever pivots about the second lever 
to clamp the workpiece and then pivots 
about the pivotal connection to the ma- 
chine to apply welding pressure. 


2.511,426--Toven Apparatus 
Henri Bkenfait, Willem Pieter van 
der Blink, Johannes Andries Arnoldus 

Gilsing and Marinus Jacobus Jansen, 

Eindhoven, Netherlands, assignors to 

Hartford National Bank and Trust 

Co., Hartford, Conn., as trustee. 

This apparatus includes a first welding 
rod: holder and a second welding rod 
holder both mounted in operative relation- 
ship with a metallic workpiece to be welded 
and an electrical energy source is connected 
to each of the welding rod holders. Such 
source is also connected to the workpiece 
and electromagnetic means are provided 
and are responsive to the flow of welding 
current through the second welding rod 
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holder for moving the first welding rod 
holder out of operative relationship with 
the workpiece. 


2,511,553—Mernop or Pres- 
surRE VesseLts—Glyn H. Toops, Sharon, 
Pa., assignor to General American 
Transportation Corp., Chicago, Ill. 
Toops’ welding method is adapted to 
erect a pressure vessel so that it is free from 
welding and erecting stresses and in- 
cludes the steps of preforming the vessel 
and welding supports to the vessel after 
which the assembled structure is treated to 
relieve stresses therein. Base supports 
are provided for supporting the preas- 
sembled vessel unit and the vessel unit it- 
self is welded to such base supports by the 
vessel supports provided whereby such 
welded joint has only compressive stresses 
exerted thereon. 


Mevr Evecrric 
Wetoinc—Edward L. Frost, Snyder, 
New York, assignor to The Linde Air 
Products Co., a corporation of Ohio. 
This patent relates to a process for im- 
proving the surface appearance of a weld 
produced underneath a blanket of flux 
The patented process includes depositing 
a substantial amount of additional granu- 
lar flux on the flux blanket at the weld 
zone directly behind and closely spaced 
with relation to a moving electrode so 
that such auxiliary flux blanket retards 
the escape of gases from the solidifying 
metal. Thus the gas is caused to escape 
substantially only adjacent the electrode 


Evectrope —Theo- 
dore FE. Kiblgren, Berkeley Heights, 

N. J., assignor to The International 

Nickel Co., Ine., New York, N. Y., « 

corporation of Delaware. 

This welding electrode includes a nickel 
base alloy core wire which is adapted to 
form weld deposits virtually free of gas 
porosity by a d.-c. welding operation. A 
special flux including calcium carbonate, 
calcium fluoride, eryolite and other sub- 
stances is used. 


2,512,460—RoratasLe  TuBE-WELDING 

ELectrope—Leonard Bayliffe Hender- 

son, Olton, Birmingham, England. 

This patent is on a welding head for tube 
welding machines and includes two sepa- 
rate integral units comprising a spindle and 
an electrode forming disk member and a 
hollow drum associated with the spindle 
and forming a rotating contact on the 
spindle. Means are provided for cir- 
culating cooling fluid throughout each of 
the integral units. 


Wetpinc Torcu 

Colby Weston Steward, Kenmore, and 

Malcolm R. Rivenburgh, Williamsville, 

N. Y., assignors, by mesne assignments, 

to Cornell Aeronautical Laboratory, 

Inc., Buffalo, N. Y., a corporation of 

New York. 

This patented welding torch includes a 
handle and an electrode holder secured to 
the handle by a resilient strip and having 
a control lever provided extending to a 
point immediately adjacent the handle 
A second electrode holder is also carried 
by the handle with said first control 
lever being operable by the thumb of a 
worker using the torch. 
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METAL SHOW 
visitors 
35,588 STHONG... 


22% DECIDED TO BUY SOMETHING 
Q THEY SAW AT THE METAL SHOW* 


10% BOUGHT SOMETHING DIFFERENT 
QO FROM WHAT THEY HAD PLANNED 


AFTER SEEING IT AT THE METAL SHOW* 


20% COMPLETED A DECISION TO BUY 
QO SOMETHING AFTER SEEING IT 
AT THE METAL SHOW* 


@ You can’t find a better audience than the one that 
attends the Metal Show. 

Showing your products and services to over 30,000 men vitally 
interested in all phases of metal production and fabrication, gives you 
the best opportunity to sell what you have to the metal industry—to 
show how it will help achieve “Economy-in-Production”’. 

Join the nearly 400 manufacturers that will display at the 1950 Metal 

*From Attendance Report No. 4 in a con- Show. If you haven't received floor plans, write W. H. Eisenman, 
tinuing analysis of Metal Show visitors. If Managing Director, 7301 Euclid Avenue, Cleveland}3, Ohio. 

you have not received a copy write National 

Metal Congress & Exposition, 7301 Euclid 


Avenue, Cleveland 3% Ohio. aS T Ow 


OCT. 23-27, 1950 


) INTERNATIONAL AMPHITHEATER, CHICAGO, ILL. 


| Sponsoring Societies 

ties ‘I american Society for Metals American Welding Society 
institute of Metals Div.—A.1.M.E. 

Society for Non-Destructive Testing 
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J. F. Lineoln Honored 


Five distinguished Americans, including 
two educators, a political scientist, an 
economist and an engineer-industrialist, 
received honorary degrees at the Spring 
Quarter commencement exercises of Ohio 
State University, Columbus, Ohio, on 
June 9th, according to President Howard 
L. Bevis. 

Among the recipients were two alumni 
of the University Dr. William Vermillion 
Houston, president of Rice Institute, and 
James F. Lincoln, president of the Lincoln 
Electric Co., Cleveland. Each received 
the degree of Doctor of Science. 

Mr. Lincoln, who received the degree of 
electrical engineering from Ohio State in 
1926, is a former member of the Univer- 
sity’s Board of Trustees. One of the 
state’s best-known industrial leaders, he is 
particularly famous for his work in labor- 
management relations and for his engineer- 
ing skill in applying technical advances to 
useful purposes. 

James F. Lincoln is President of The 
Lincoln Electrie Co., Cleveland, Ohio, and 
the man in whose honor The James F. 
Lincoln Are Welding Foundation was 
created 

He is a fellow member in the American 
Institute of Electrical Engineers, member 
and director of the National Electrical 
Manufacturers Association, member of the 
American Socrery, The Ameri- 
ean Society of Mechanical Engineers and 
the Cleveland Engineering Society 

He is a past-president of the Cleveland 
Chamber of Commerce and is a trustee 
member of the National Industrial Con- 
ference Board and the Council of Profit 
Sharing Industries. 

He is also a member of the Board of 
Trustees of Case Institute of Technology, 
Lake Erie College for Women and of the 
Development Fund of Ohio State Univer- 
sity 

He is also a Director and Industrial 
Counselor of the Research Foundation of 
Ohio State, as well as past-president of the 
National Alumni Association of Ohio State 
University 


Bob Gillette Retires 


Robert T. (Bob) Gillette, a member of 
the Schenectady Works Laboratory of the 
General Eleetrie Co., was tendered a Re- 


1. Gilbert S. A. Greenberg 


T. Embury Jones 


tirement Dinner at the Edison Club on 
Monday, June 19, 1950. Dr. T. 8. Fuller, 
Engineer of the Works Laboratory, was 
Master of Ceremonies for the occasion. 

Bob, who has been with General Elec- 
tric since 1902, is often called the Dean 
of Resistance Welding. He is one of that 
dwindling group of oldsters who have 
worked with Edison, Steinmetz and Dr. 
Whitney of research fame. Bob was 
himself « Coffin Award Winner. 

Among the speakers of the evening were 
the toastmaster, Dr. T. 8. Fuller, who be- 
came associated with Bob in 1911; T. 
Embury Jones, President of Precision 
Welder & Machine Co. and representing 
the Resistance Welder Manufacturers As- 
sociation; Dr. W. F. Hess of R. P. L. who 
dubbed Bob the Dean of Resistance Weld- 
ing; Si Greenberg, Technical Secretary of 
the WELDING Society of which 
Bob is a Member; Warren Hutchins of 
the Industrial Division of G. E. with 
whom Bob collaborated in the writing of 
many books and papers in Resistance 
Welding Controls; R. A. Gilbert of the 
Pittsfield Works Laboratory, 
pioneer in the Resistance Welding field; 
R. W. Clark and E. F. Potter of the 
Schenectady Works Laboratory, associates 
and co-workers of Bob's for a number of 
years. 

I. W. Johnson who has also worked with 
Bob for many years presented him with a 
gift of a Parker 51 Pen and Pencil set, 
two Kaywoodie pipes and a purse of 
money, on behalf of his many friends. 

Bob will retire on July 1 and plans to 
take a long vacation after which he intends 
to pursue his hobbies and other activities 
of interest. He also plans to do some con- 
sulting work in welding. 

Not to be outdone by the men, the girls 
of Bob's office tendered him a noon-time 
luncheon at the VanDyke Hotel on Wed- 
nesday, June 2!. The Misses Albertine 
Logan, Lenore Rogers, Adelaide Mohoney 
and Anne Cerqua were hostesses. 

The following, written by “Scotty” 
Young of the Laboratory, expresses the 
thoughts of many of Bob’s friends: 


another 


To a Great Guy 


Last night we sat in the banquet hall 

In honor of our friend Bob 

And listened— while numerous speakers 
Told of the good Bob had done 


1 Photo of Celebrities at the Retirement Dinner given to Robert T. Gillette 


T. S. Fuller 


Personnel 


Bob Gillette 


Of work, advice, each had received 
From one we love so well. 


Outstanding in Work 

His warm personality radiated around us, 
like the morning sun. 

Each of us down through the years 

Has been touched by his helping hand. 

The load’s been eased, the road is 
smoother, 

The will to do is even greater 

Just because a Great Guy 

Took the time to give some friendly advice. 


And so, in parting 

We say so-long 

But not good-bye, 

To one Swell Guy, Bob Gillette 


Peaslee Joins Colmonoy 


R. L. Peaslee has joined the Wall Col- 
monoy Corp. in the capacity of Develop- 
ment Engineer. 

Mr. Peaslee is « graduate of the Univer- 
sity of Cincinnati, Department of Chemi- 
cal Engineering. 

For the past nine years he was employed 
by the Wright Aeronautical Corp. as metal- 
lurgist handling specifications, develop- 
ment and control of These 
processes varied from plating, heat treat- 
ing, to magnesium castings 

From this work Mr 
moted to Supervisor-in-Charge of the 
Fabrication Development Unit. This de- 
partment concentrated on welding, braz- 
ing and the fabrication process of stainless 
steel and steel alloys for gas-turbine air 
craft engines. 

Mr. Peaslee will be in charge of the de- 
velopment of Colmonoy Brazing Alloy as a 
stainless and alloy steel brazing materia! 

In addition, Mr. Peaslee will head the 
Alloy Brazing Department. This de- 
partment has facilities for both develop- 
ment and production Brazing and Bright 
Hardening of Stainless Steel. 


processes 


Peaslee was pro- 


DiPasquale Wins Davis Award 


Raymond A. DiPasquale, a junior in the 
Purdue School of Civil Engineering, and 
the “Purdue Engineer’, an undergraduate 
publication, both won second prize in the 
annual A. F. Davis Undergraduate Weld- 
ing Award Contest. The prize of $150 
each in cash was awarded for Ray's paper 
entitled “Designed for Waiting’ which 
was published in the March issue of the 
“Engineer.” The paper dealt with an 
original design for an aluminum-welded 
prefabricated outdoor shelter. The orig- 
inality of the design and the thorough- 
ness with which it was presented formed 
the bases for selection 


W. Hess W.. Hutchins 
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‘pire LINES and nettet 
evel with GE ™ A, | 
and - = : 
Like and his friends, you, wilt find 
that GE Types w-22 and w-52 electrodes 
have been recently improved tor all posi- : 
frames: pressure vessels: ond shipbuilding: = 
w-22 is an AWS £6010 electrode, reverse 
polarity a-c, all positions: It produces welds a? 
is an AWS E7010 electrode, reverse polarity ae 
A-c, all positions Recommended where 4 3 ~ 
Fe \y fot welding jow-alloy steels 
Regardless of what you are welding» rhe 
more chan 70 typ> of G-E arc-welding elec- 
~ your job- Your G-E Welding Distributor : us » 
to mect your specilic necds nim tot ] 
Flectrode catalog» GE“ ‘4g2. OF write: as ‘ 
Apparatus Department, Genero! Electric Co., 
schenectodY 5, N- Y- 


Automatic “‘Hot-start’’ Control for Instant Arc Striking 


G-E Silicone Insulation for Compactness, 


New Model 6WK20H 200-amp a-c welder 


ves} 
ye 
ith a current rang 
39 volts, am 


y carried 


ALABAMA—-Young & Vann Supply Co. Box 2532, Birmingham, Turner Supply 
Co. Box 1429, Mobile 

ARIZONA.—Arizona Welding Equipment Co. 230 S. Central, Phoenix 

CALIFORNIA — Victor Equipment Co. 844 Folsom, San Francisco 

COLORADO--Hendrie & Bolthoff Co. 1635 17th St. Denver (also WYO) 

FLORIDA-—Cameron & Barkley Co. 605 E. Forsyth, Jacksonville 

GEORGIA— Welding Supply & Service Co. 295 Techwood Dr. NW, Atlanta; 
Georgia Oxygen Co. Box 1077, Macon 

IDAHO— Olson Manufacturing Co. 4000 Warm Springs Ave., Boise 

MLINOIS— Machinery & Welder Corp. 1324 W. Fulton, Chicago (also WA) 

INDIANA— Drill Master Supply Co. 1305 First Ave. Evansvilie; Sutton-Garten Co, 
401 W. Vermont, indianapolis; Perry Weiding Sales & Service, 424 E. Monroe, 
South Bend 

KANSAS — Wotkins, inc. 204 N. Waco, Wichita 

KENTUCKY G-E Supply Corp., Hoskins St., Harlan; Mine Service Co., Lothoir; 
Reliable Welding Co. 630 S. 15th, Louisville; Big Sandy Electric & Supply Co., 
Pikeville 

ISIANA-—-Equitable Equipment Co. 410 Camp, New Orleans; Hughes Welding 

Supply Co. 415 Fortson, Shreveport 

MARYLAND—-Arcwoy Equipment Co. 920 E. Fort Ave. Baltimore (also DEL.) 

MASSACHUSETTS——General Electric Welding Soles, 9 Putnam St., Fitchburg 
{also MAINE, VERMONT, NEW HAMPSHIRE); Weiding Engineering Sales Corp. 
150 Causeway, Boston 
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This little weld welding amps 
| pound and mot 
from 30 to 250 amps, \16 
| 50% rated duty cycle. a 
73” high, 12” wide, and 17 deep, it § 
or tucked away spaces too small tor bulkict © 
Its fully automatic gives instant atc striking 
on any current setting with 10 manual adjustment 
needed. Maintenance is easy and inexpensive: and you caa 
weld many job without having to up large units. 
4 Write your distributor for GEC-553- 
i List priee for come (easter)! 
| 
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Long Life, Light Weight 


New Model 6WK30J 300-amp a-c welder 


$310' 


»| handles 


this mode is rated 


tions, 75 amps: 

apt lic é ter 

jier-duty tn diameter, 

Fort trodes current rang® 

to 


at 40 volts with 


t's really a 
i striking 
and eliminatl' 


**hot- 
automatic 
ycans tastc 


its Its 


Excellent are costs 
of course 


rt, 
sta soundet 


welding, 
job range, 
metal 
make i 

Ask your } 


al 
Department Gener 


A 
Y. 


* New, water-repellent, temperature-resisting, insulating 


material means increased operating dependability 


SEE THEM AT THESE DISTRIBUTORS 


MICHIGAN-Weiding Soles & En 7 
gineering Co. 8750 Grinnell Ave. Det 
Miller Welding Supply Co. 505 Fulton, Grand Rapids 3 & Co. 629 tain, Desdwood 
A Machinery & Welder Corp. 2440 2nd St. Minneapolis; W. P. & Co 
ers Co 2 ichigan, Duluth c J vr emphis (also K 
sarssessinrt Jackson Welding & Supply Co. 145 E. South St. Jackson TEXAS--M & M Welding Supply Co. 1818 Butternut, Abilene; J. Ernest Stroud Co 
oa i—Machinery & Welder Corp 700 S. Spring, St. Lovis (also 1OWA) 5 E. Third, Amarillo; Briggs Mo )0 Hines Bivd Dallas; 
ohenschild Welders Supply Co. 512 E. 18th, Kansas City (also KAN.) Dallas Welding Supply Co., 430 S. indus ; 
Montene Herdware Co 8235S Montana Butte 2 Texas, Ei Paso; Welding Equipment Lancaster, Ft Worth, 
13th & Harney, Or Co. 330 S. 10th, Lincoln; Baum tron Co Drive, Welding Div. 5931 Clinton 
rney, Omaha {also IO drive, ovston; West Texas Oxygen C 
NEW JERSEY (Northern) Welding Engineering Sales Corp. 40 Goble St., Newark Oxygen, Inc. 2700 W. 2nd, Odessa; Plains Welding S 
NEW MEXICO— Industrial Supply Co. 1647 N. 2nd St. Albuquerque; Bowen Weld Plainview; Southwestern Welding 
ing Supply, 1320 W. 7th, Clovis; Western Oxygen, inc. 207 W. Dunham, Hobbs Antonio Machine & Supply Co. Drawer 
Car Parts Depot, 302 N. Main, Los Cruces Supply Co. 2007 W. 7th, Texarkana (also ARK 
sy ae Engineering Sales Corp. 110 E. 42nd, New York (also UTAH-—-The Galigher Co. 545 W. 8th South 
VIRGINIA.—Arcway Equipment Co., 593! Mad 
NORTH DAKOTA-—-Dokoto Electric Supply Co. 1017-23 Fourth Ave. N., Fargo WASHINGTON..-). E. Haseltine Co 511 F 
Co. 3300 Lakeside, Cleveland; Menna Welding Co, 1102 WEST VIRGINIA —Bivefield Supp! ; Ce 
tel i y ° vefield irginian Electric inc. 57 
OKLAHOMA— General Electric Welding Div. 915 & 
Div E. 2nd St. Tulsa 
OREGON—J. E. Haseltine Co. 115 S. W. 2nd Ave. Portland : Corp, W. Ave 
PENNSYLVANIA—Arcway Equipment Co. 49th & Grays Ave. Philadelphia (also AtASKA—Northern Supply Co., Anchorage 
Southern N. J.); 5118 Penn Ave., Pittsburgh HAWAII W. A. Ramsey, Ltd. Box 1721, 
SOUTH CAROLINA. Comeron & Barkley Co. Box 906, Charleston, Welding Gos CANADA-—Conadian General Electric Co 


Products Co., 407 Fall, Greenville 


749, Chattanooga; Delta Oxygen 


Lubbock Western 
upply Co. 22) E. 6th, 
65 East Ave. San Angelo; Son 
San Antonio; Hughes Welding 


Salt Lake City 


Milwaukee 
Honolulu 

, Toronto 

OTHER FOREIGN COUNTRIES— international Genera! Electric Co. 
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Raymond DiPasquale 


Announcement of the Award was made 
at the regular May 3lst meeting of the 
Purdue student chapter of the American 
Society of Civil Engineers. James Dykes, 
president, made the announcement before 
a group of approximately sixty student 
members of the Society. Professor V. B. 
Lewis, faculty advisor of the chapter, was 
also present at this meeting. 

The cash award was made to Ray and 
Warren Dale, Editor-in-Chief of the 
“Purdue Engineer,”’ at the annual banquet 
for staff members and faculty advisors of 
the magazine. Charles E. Martin pre- 
sented the award acting as a special repre- 
sentative of the American WeELpING 
Society Educational Committee. Forty 
people were entertained at the banquet, 
including Prof. R. B. Wiley, head of the 
Purdue School of Civil Engineering and 
Engineering Mechanics, and Prof. D. D. 
Ewing, head of the Purdue School of Elec- 
trical Engineering. 

At the annual meeting of the AMERICAN 
We Soctery, to held in Chicago 
during the week of October 22nd, certifi- 
cates will be presented to the magazine and 
Ray. 

Raymond DiPasquale was born in 
' Rochester, N. Y. some 20 years ago and 
is a junior in the School of Civil Engineer- 

ing, Purdue Universitv. He has been 
working on the staff of the “Purdue Engi- 
neer”’ and has written some six articles for 
this magazine. He is currently serving as 
Editor in Charge of Make-up for the 
magazine and next year will be Managing 
Editor. Mr. DiPasquale beeame inter- 
ested in welding through attendance of a 
course at the University on Welding and 
Heat Treating. He hopes to enter the 
field of architecture upon graduation. He 
has been active in a number of student 
chapters of professional engineering socie- 
ties and is a member of quite a few of these 
societies. 


Taylor and Morrill Join Baker- 
Raulang Co. 
The Board of Directors of The Baker- 


Raulang Co. have elected H. Dudley Swim 
as Chairman of the Board, Clarence M 
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Clarence M. Taylor 


Taylor as chairman of the Executive Com- 
mittee and John R. Morrill as Vice-Presi- 
dent in charge of Sales, effective July 1, 
1950, it was announced recently by James 
W. Moran, President. The Baker-Rau- 
lang Co. manufactures and distributes the 
Baker line of power industrial trucks, 
tractors and cranes and rubber-tired min- 
ing equipment. 

Clarence M. Taylor, is a graduate of 
Western Reserve University. In 1916 he 
started work with a large manufacturer of 
electrical equipment and rose from fore- 
man of the Assembly and Test Department 
to Executive Vice-President. 

In January 1948 he accepted the post of 
Executive Director of the Cleveland Clinic 
Foundation, a position which he still 
holds. Mr. Taylor is also a Director of 
Euclid Road Machinery Co. and a Trustee 
of Fenn College and Western Reserve Uni- 
versity. He is a member of the AMERICAN 
We vpinG Society and Alpha Delta Phi 
fraternity. 

John R. Morrill, born on April 28, 1916 
in Columbus, Ohio, graduated from Leland 
Standford University, School of Engineer- 
ing in 1938, following which he completed 
one year in the Graduate School of Busi- 
ness. He was elected to Phi Beta Kappa 
and Tau Beta Pi, national honorary schol- 
astic fraternities 


John R. Morrill 


Personnel 


Mr. Morrill joined Lincoln Electric Co- 
in 1939 where he has been engaged in engi- 
neering, sales and promotional work and 
was assistant to the Vice-President in 
charge of Public Relations, Sales Promo- 
tion, Dealer Relations and Advertising at 
the time of leaving. Author of a number of 
articles on welding published in the indus- 
trial press, he is editor of the Lincoln 
“Procedure Handbook of Are Welding,” 
“bible” of the welding industry, and has 
been in charge of the Lincoln School of Arc 
Welding. 

Active in civic affairs, Mr. Morrill is a 
Trustee of the Cleveland Crime Commis- 
sion and a member of the Cleveland 
Chamber of Commerce. He is a Director 
of the Cleveland Section, AMERICAN 
WetpinG Sociery. Other memberships 
include the Cleveland Advertising Club, 
National Industrial Advertiser's Associa- 
tion and Industrial Audio-Visual Associa- 
tion 


Watson Succeeds Sheffer 


Edmund A. Watson has been appointed 
general improvement engineer of the 


Edmund A. Watson 


American Car and Foundry Co., effective 
June 1, 1950. He succeeds John W. Sheffer 
who is retiring after 42 years service with 
A.C.F. 


John W. Sheffer 
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Annual Meeting 


The Annual Meeting of 
the AMERICAN WELDING 
Society will be held during 
the week of Oct. 22, 1950 
with headquarters at the 
Sherman Hotel, Chicago, 
Ill. This week is the occa- 
sion of the National Metal 


Exposition. About 105 


papers will be presented 


covering phase of 
welding. papers 
will be divided among 32 


every 
These 


technical sessions. 


The chief social event 
will be the President’s Re- 
ception on Sunday After- 
noon, October 22nd. 


The Award of Prizes and 
the Adams Lecture will 
take place on Monday 
Evening, October 23rd. 
There will be special fea- 
tures on Design, Technical 
Activities and Education. 


For the first time, the 
Society will charge a reg- 
istration fee of $1.00 to 
members and $2.00 to non- 
members. 


Preliminary program was 
announced in the July is- 
sue of THE WELDING Jour- 
NAL. A later program will 
be published 
tember issue. 
will also feature the Annual 
Meeting papers. 


in the Sep- 
This issue 


Plan to Attend! 


AMERICAN WELDING SOCIETY 
33 W. 39th St. 
New York 18, N. Y. 


Aveust 1950 


ST BUY BURDOK 


@ In these days when cost 
has so much to do with the profit you 
can make, you will do best on welding, 
cutting or safety equipment by check- 
ing with Burdox first! Typicol of the 
outstanding values and superior quality 


of the entire BURDOX line are six items 
shown below. Feature for feature, they 
give you savings at the start and in 
length of service as well. Get ac- 
quainted with BURDOX valve by writ- 
ing for free 64 page catalog teday. 


CYLINDER TRUCKS 


The greotest cylinder truck volve 
you've ever seen! 
one-piece safety handle. Stream 
lined tool tray and rack. Bicycle 
type wheels with solid rubber 
| welded 
Chain holds cylinders securely 


tires. Al 


Streamlined 


construction 


Ideal for hondling smol! size 
cylinder! All welded tubvlor 
construction, mechonico! rub- 
ber tires, oiless bronze beor- 


ings 


Rolis 


like chorm 


Adjustable telescoping tubu- 


lor 


EYEGARD GOGGLES 


The best goggle valve on the market! Super-light, 

impoct-resisting plastic ond exclusive |0-woy 

ventilation. Coo! ond sweat-free . . . alwoys! 


EXTRA-FLEX CABLE 


Extra-flexible, 
extra-resistance to 
obrosion, oi! ond water 
because of special con 
struction. Millions of feet 
sold becouse of performance and price 
THE BURDOX 


WELDING AND CUTTING 
* INDUSTRIAL GASES 
GENERATORS * GOGGLES AND HELMETS 


device holds 
securely. 


LINE 


EQUIPMENT AND MACHINES + 
REGULATORS AND GAUGES + 


cylinders 


BURDOX A-C 
ARC 
WELDERS 


(150-200-250 
amp. types) 


A whiz for work. Eosy 
te opercte. Weld up te 
35% faster. Weld in ony 
position. Shipped with 
accessories at @ real 
saving! 


CYLINDER 
CONNECTIONS 


All brass, made to close 
tolerances, to do the job 
es only welding men 
know it should be done 
Gueoronteed agoinst me- 
chonicol defects. Finest 
made, save time and 
money, yet cost no more. 


INCLUDES 
SOLDERING AND BRAZING OUTFITS 


HOSE AND CABLE + ACETYLENE 
LENSES AND FACE SHIELDS * ROD AND 


FLUXES * CLYINDER TRUCKS 


Mr. Watson has been in plant engineer- 
ing and production methods work since 
1915 with both A.C.F. and other com- 
panies. In 1940 he was instrumental in 
the conversion of A.C.F.’s Buffalo plant to 
the manufacture of artillery shells for the 
British and later the American armed 
forces. He remained there as production 
manager until 1946 when he was appointed 
assistant general improvement engineer 
with headquarters in New York, holding 
this position until his present promotion. 

Mr. Sheffer’s retirment brings to a close 
« career with A.C.F. which saw the com- 
plete changeover of plant facilities due to 
the conversion of freight and passenger 
car construction to steel, whereas previ- 
ously they were largely made of wood. A 
graduate of Cornell, he entered A.C.F.’s 
employ at Berwick in 1908 as electrical 
engineer and was largely responsible for 
the advances made in welding at A.C.PF. 
plants. From 1926 until his retirment he 
made his headquarters in the New York 
offices of A.C.F. As general electrical 
engineer he was occupied with production 
development, and in 1946 was promoted to 
the position of general improvement engi- 
neer, 


Clevelander Buys Leader lLron 
Works in Decatur, II. 


The controlling interest of the Leader 
Iron Works Co., 2100 N. Jasper St., De- 
eatur, DL, has been acquired by Julius H. 
Peters, formerly associated with The 
Colonial Iron Works Co., of Cleveland, 
Ohio 

The Leader Iron Works Co. specializes 
in the manufacture of large steel and alloy 
chemical processing equipment, bulk, 
underground and farm oil storage tanks. 
There is an operating plant of 66,000 square 
feet production area in Deeatur, and a 
normal employment of some 120 people. 


Julius H. Peters 


The new officers elected at the first 
director's meeting held on June 1, 1950 
were Julius Hl. Peters, President and 
Treasurer, E. Donald Peters, Vice-Presi- 
dent and Clarence J. Warner, Secretary. 

Julius H. Peters is a graduate of Case 
Institute of Technology, 1912, member of 
the American Socrery, The 
Cleveland Engineering Society and an 
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E. Donald Peters 


Ohio State Registered Professional Engi- 
neer. 

E. Donald Peters is a graduate of Case 
Institute of Technology, 1939, member of 
the American WeLpina Sociery, The 
Cleveland Engineering Society, The Na- 
tional Association of Corrosion Engineers 
and an Ohio State Registered Professional 
Engineer. During World War IT he served 
with the U.S. Navy as a Lt. (j.g.) in the 
American and Pacific theaters. He was 
formerly employed by the Colonial Iron 
Works Co., of Cleveland, in the engineer- 
ing department. 

Clarence J. Warner is a graduate of Case 
Institute of Technology, 1934, member of 
the American Society, The 
Cleveland Engineering Society, The Na- 
tional Association of Corrosion Engineers, 
Ohio Society of Professional Engineers, 
and registered with the Ohio State as a 
professional Engineer. He had been em- 
ployed by the Colonial Iron Works Co. as 
engineer since 1937 


Clarence J. Warner 


Attorney for the buyers was Robert J 
Livingston, of Ryan, Condon & Living- 
ston, Chicago, Illinois. Herbert E. Exner, 
of the Apple Cole Co., Chicago, repre- 
sented both the buyer and seller, and 
Walter E. Heller Co., investment bankers, 
handled the finances. 


Personnel 


STAINLESS STEEL 


WHICH ALLOY FOR 
YOUR PIPING JOB? 


Industry is rapidly turning to stainless steel, 
as standard material for an increasing number 
of piping applications. Their ability to with- 
stand the action of many corrosive agents, 
their toughness in sub-zero applications, their 
strength and ductility in elevated tempera- 
tures, and their high scaling-resistant prop- 
erties, answer many tough piping eer 

Recent surveys show that 95° of the 
demand for stainless steel piping is in these 
three types: 

Type 304—18% chromium, 8% 

Type 347—18% chromium, 8% 
1% Columbium 

Type 316—18°% chromium, 8% nickel, 
2% Molybdenum 

Each exhibits inherent qualities that make 
it ideal for certain applications. Thus, while 
the group as a whole covers 95% of indus- 
try’s needs, individual applications should 
be studied carefully to determine which grade 
is best for the job. 

For example, a prominent soap manu- 
facturer’s requirements are 10°% Type 304, 
to eliminate product contamination — 45% 
Type 347, to carry low temperature organic 
acids—and 45% Type 316, to carry the same 
acids at elevated temperatures. 

In the food and dairy industry, where the 
service is only miidly corrosive, the main 
reason for using stainless steel is to promote 
cleanliness and to eliminate contamination. 
Type 304 satisfies most of the demand here 

To provide the greater strength, greater 
safety and permanently leakproof joints of 
welded piping construction, Tube Turns, Inc 
has developed a wide selection of ty pes and 
sizes of welded fittings and flanges in all 
three grades of stainless steels listed above 
It's the most complete line available today 


nickel 
nickel, 


TUBE-TURN Stainless Steel Welding Fittings 
made of the three alloy types listed here, are 
available in a wide range of parts and sizes, 
including elbows, returns, tees, reducers, 
caps, lap joint stub ends, laterals and crosses 
Flanges are also furnished. 


NEW CATALOG 


Write today for your free 
copy of the new Stainless 
Steel catalog, just pub 
lished by Tube Turns, Inc 
It contains the complete 
description of TUBE-TURN 
Stainless Steel Welding 
Fittings and Flanges, as 
well as valuable informa- 
tion on the use of stain 
less steel piping. 


“Be Sure You See The Double tt” 


TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 
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TUBE TURNS, INC., LOUISVILLE 1, KENTUCKY in ati princi 


DISTRICT OFFICES: NEW YORK + PHILADELPHIA «+ PITTSBURGH + CHICAGO + HOUSTON «+ .ULSA + SAN FRANCISCO + LOS ANGELES 
In Canada... Tube Turns of Canada Limited, Chatham, Ontario 
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ANTHONY WAYNE 
Hollopter, Lloyd B. (B) 
ATLANTA 

Hall, Hanson C., Jr. (B) 
Mick, William G., Jr. (B) 
Turner, J. V. (B) 
BIRMINGHAM 


Millar, Calvin 8S. (C) 
Sorrell, George W. (B) 


BOSTON 
Peterson, E. K. (C) 
CANADA 

Cranley, J. E. (C) 
Lewis, A. H. (B) 
CHICAGO 


Delo, Charles G., Jr. (B) 
Pauselli, Rudolph (C) 


CLEVELAND 
Phillips, William J. (C) 
DALLAS 
Thompson, William E. (B) 
DETROIT 


Bedard, Harry W., Jr. (D) 

Block, Joseph E. (C) 

Busto, Alan F. (C) 

Cameron, Jim D. (C) 

Centers, Claude R. (C) 

Cousins, James R. (B) 

Garland, Raymond H. (B) 

Koch, Donald H. (B) 

Lipke, Charles (C) 

_ O'Brien, Thomas Joseph (B) 

Rowland, Stan (C) 
Thomas, George A. (B) 

| Wender, Max (B) 

Wirth, F. A. (B) 


HARTFORD 
Ames, Robert D. (B) 


HOUSTON 
Begeman, Myron Louis (B) 


ANTHONY WAYNE 
Siebert, Roland H. (B) 


CHICAGO 


Bernard, Art (B) 
Conner, G. A. (C) 


CINCINNATI 
Kohn, R. G. (C) 
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Kaluzny, John C. (B 


Cassidy, John C. (B) 
INDIANA 

Foster, Gilbert L. (B 
Pollard, Frank R. (B) 
KANSAS CITY 
Manning, T. J. (C) 


LEHIGH VALLEY 
Hughes, Bernard (C) 
LONG BEACH 


Fulton, Dale R. (C) 
Hansch, Frank W. (C) 
O'Toole, Lyle John (C) 
Thompson, C. 8S. (C) 
LOS ANGELES 

Barbee, Robert J. (C) 
Glick, Kenneth L. (C) 
Haas, Donald F. (C) 
Pawlowski, Joseph 8. (C) 
Piper, Thomas E. (C) 
Sharp, H. W. (B) 
MAHONING VALLEY 
Dilcher, H. 8. (B) 
MARYLAND 

Schafer, Philip EF. (B 
MICHIANA 
Dorstewitz, V. 
MILWAUKEE 
Kernen, Carl (C) 
Koss, John P. (C) 
Pflug, C. E. (C) 
NEW JERSEY 


Gevweck, Richard A. (C 
Mahler, Martin (C) 


Cc 


Nowakowski, Edward J. (C 


NEW YORK 


Aufhauser, Richard (C 
Elwers, George F. (C 


NIAGARA FRONTIER 


CLEVELAND 


Anraku, Tatsuo (C) 


Carleton, Milton T. (C) 
DETROIT 


Shaughnessy, John Paul (C) 


HOUSTON 
Poynter, Paul H. (C) 


May I to May 31, 1950 


June 1 to June 30, 1950 


Kelly, John J. (B) 
Me Donald, Joseph (C) 
O'Leary, Robert C. (C) 


NORTHERN NEW YORK 


Sibley, Craig R. (D) 


NORTHWESTERN PA. 
August, Henry A. (B) 
Finke, Otto (C) 

Krause, Albert L. (C) 
Phillips, Arthur E. (B) 
OKLAHOMA CITY 
Hunt, James W. (C) 
Riley, Harry M. (C) 
PASCAGOULA 

Cornell, C. L., Jr. (C) 
Mansfield, Alton W. (C) 
PEORIA 

Brown, John (B) 

Ricca, Joseph G. (C) 
Stine, Donald L. (C) 
PITTSBURGH 
Godfrey, V. H. (B) 
Ramsden, Fred (C) 
RICHMOND 

Long, E. K. (B) 


ROCHESTER 

Babcock, Alton (C) 
Gaylord, Ellsworth S. (B) 
SAGINAW VALLEY 
Flor, Joseph T. (D) 
Husak, Joseph (C) 
Trotter, John A. (B) 
Walter, Gilbert G. (D) 
ST. LOUIS 

Harris, W. M. (C) 


SALT LAKE CITY 


Benson, Karl G. (D) 
Bergeson, Howard L. (D) 


LONG BEACH 
Strong, Carl J. (C) 
MAHONING VALLEY 
Chess, G. N. (B) 
MARYLAND 

Castle, Martin C. (B) 
NEW YORK 


List of New Members 


Child, Rawson D. (D) 

Coburn, Lorin (D) 

Jensen, Kenneth C. (D) 

Kunz, John R. (D) 

Michaelson, Eldon J. (D) 

Mortenson, Roy E. (D) 

Olsen, Bert W. (D) 
Pearson, Everett Howard (D) 


SUSQUEHANNA VALLEY 


Isaac, Garry O. (B) 
Tibbetts, Otto S., Jr. (B) 


TOLEDO 
Hansen, Harry W. (C) 


WASHINGTON 


Mailander, J. H. (C) 
Whitehead, Edward D. F. (B 


WICHITA 


Ball, Philip 8. (C) 
Hoskins, Charles W. (D) 
Sondergard, Walter W. (D) 


NOT IN SECTIONS 


Sekiguchi, Harujiro (B) 
Towler, W. T. (B) 


MembersReclassified 


During the month of May 


ATLANTA 
Lumsden, Tom (C to B) 


DETROIT 
Kelly, William (C to B 


NORTHWESTERN PA. 
Boyer, Charles V. (C to B) 


Kopchinski, Norbert L., Jr. (C) 


NIAGARA FRONTIER 
Greene, Fred (B) 
MacEwan, William A. (B 


PHILADELPHIA 
Neutson, D. C. (C) 
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SAGINAW VALLEY SALT LAKE CITY Smith, R. E. (C) 

Caplinger, Perey L. (C C) TULSA 

Krohn, John W. (D) Sanduk, Hashim (D Eickmeyer, A. G. (B) 
SAN FRANCISCO Todd, Richard G. (B) 
Georne Wiehle, Al P. (B) 

ST. LOUIS NOT IN SECTIONS 

Ballass, John T. (D) SYRACUSE 


Lund, Carl (B) 
Patton, John R. (C) Scheffey, William D. (C Shelton, Russell C. (C) 


Members Reclassified 


During the month of June 


DALLAS 
Feltner, H. O. (C to B) 


SECTION ACTIVI 


Tl 


prepared by C. M. O'Leary 


Colorado Sise, Kansas City, Mo.: Chairman 
Membership Committee—L. E. Page, Kan- 
sas City, Mo.; Chairman Program Com- 
by the Colorado Section for 1950-51: mittee—Kansas City, Mo. and Technical 
Chairman—E. F. Jacobi, Denver; Ist Representative—L. N. Williams, Kansas 
Vice-Chairman—Herbert B. Klodt, Den- City, Mo 

ver, Secretary-Treasurer Brinton 
Swift, Denver: Chairman Membe rship 
Committee—Robert B. Craig, Jr., Denver; 
Chairman Program Committee—Herbert B. 
Klodt, Denver, and Technical Representa- 
tives—V. A. Schroer, Denver 


The following officers have been elected 


Maryland 


A Ladies Night and Fashion Show took 
place on June 6th at the Engineers Club, 
Baltimore, and was thoroughly enjoyed by 
all. Mrs. Driscoll was the speaker. This 
Hartford meeting was arranged to attract the wives 

or other guests in order to put members 

The following officers have been elected on a broader basis of understanding 
by the Hartford Section for 1950-51: 

Chairman—L. D. Svkes, West Hartford, 

Conn.; 1st Vice-Chairman—-F. J. Wallace, Michiana 

Windsor; Secretary—J. W. Mortimer, 
Manchester; Treasurer—S. H. Lacey. New 
London; Chairman Membership Commit- 
tee-—T. W. Brady, Hartford: Chairman 
Program Committee—R. L. Gross, Groton 
and Technical Representative Morti- 
mer, Manchester. 


Sixty-five members and guests of the 
Michiana Section enjoyed a trip through 
the body plant of the Studebaker Corp. 
on June 15th. To the uninitiated, it is an 
amazing sight to see various odd-shaped 
panels set in place, to emerge after numer- 
ous showers of sparks as a recognizable 
automobile body 
Houston The emphasis of this tour was on welding, 
so the visitors were taken right down into 
the assembly line where they could witness 
the welding operations close up. The ex- 
tensive use of spot welding ‘“‘guns’’ was 
most interesting, and speaks well for the 
quality of joints produced by this method. 

The trip also included the finishing line, 
prior to painting, where surface smoothing 
and soldering was done; the undercoat 
paint shop and the trim shop. 


Installation of new officers as follows 
was made at the dinner meeting held on 
June 29th in the Ben Milam Hotel: 
Chairman—L. F. Megow, Houston, Tex.: 
Ist Vier-Chairman—P. D. Mogan, Hous- 
ton and Secretary-Treasurer— 1. F. Crick, 
Houston. 

The speaker at the technical session was 
L F. Megow, assistant works manager at 
the A. O. Smith Corp. plant in Houston 
Mr. Megow demonstrated and described 
passenger rocket designs in connection 
with his subject “Travel in the Future with The following officers were elected by 
Rockets.” Mr. Megow has made rocket the Niagara Frontier Section for 1950- 
study an intensive hobby since he partic- fl Chatrman-—E.. Lyster Frost, Niagara 
ipated in designing an army rocket at the Falls N. Y.: 1st Vice-Chairman—F. V. 
A. O. Smith Corp. plant in Milwaukee Schilling, Buffalo; Secretary-Treasurer 

tobert Siemer, Buffalo; Chairman Mem- 
Kansas City bership Commitltee—F. V. Shilling; Chair- 
man Program Committee—-R. P. Gehring 

The following officers have been elected and Technical Representative—Clarence E. 
by the Kansas City Section for 1950-51: Jackson 
Chairman—V. B. Rudd, Kansas City, 

Kansas; Ist Vice-Chairman-—A. A. Brown, Nothern New York 
Kansas City, Mo.; Secretary—J. M 
Payne, Kansas City Mo.; Treasurer —C. J The final meeting of the season was held 


Niagara Frontier 


Avueust 1950 Section Activities 


on May 25th at the Circle Inn at Lathams, 
N. Y. 

This was the annual meeting of the 
Section and featured an evening of enter- 
tainment for the ladies 

New officers for the year were intro- 
duced as follows: Chairman—John P 
Fradsen; Vice-Chairman—Allen G 
Craig; 2nd Vice-Chairman—-Schuyler A 
Herres; Secretary - Treasurer Ivar W. 
Johnson and Executive Committee—Robert 
H. Wyant and Seth R. Stockhlom 

The first meeting scheduled for next year 
will be held on Oct. 2, 1950. 


Pascagoula 


On Friday evening, June 23rd the Pas- 
cagoula Section held business dinner meet- 
ing at the Pascagoula Country Club 
The retiring chairman W. D. Pelan spoke 
on the Section aims for 1950-51 and the 
newly elected chairman J. F. Bryan, Jr., 
spoke on the future of the Section 


Salt Lake City 


The following officers have been elected 
for the year 1950-51: Chairman—Leo 
Davis; Ist Vice-Chairman—Al Bowcutt 
Secretary—Jack Jones and Treasurer--Al 
Drake. 


San Francisco 


The following officers have been elected 
for the year 1950-51: Chairman 
Richard FE. Labagh; Ist Vice-Chairman 
William F. Ajello; 2nd Vice-Chairman 
John S. O'Neill, Jr.; Secretary—A. C. 
Schwarz; Treasurer—E.. W. Bartz; Chair- 
man Program Committee—Fred L, Stettner 
and Technical Representative ternard P 
Faas 


Toledo 


The following officers have been elected 
for the vear 1950-51 Chairman tay- 
mond Urzykowski; Ist Vice-Chairman 
Shepard Kinsman; Secretary-Treasurer 
Edward L. Brenner; Chairman Membership 
Committee U. Newman; Chairman 
Program Con mittee Shepard Kinsman 
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and Technical Representative-Sam W 
Snell. 


Western Michigan 


The following officers have been elected 
for the vear 1950-51: Chairman—R. FE. 
Kemp, Grand Rapids, Mich.; /st Vice- 


Chairman—Carl Van Loo; 2nd Vice- 
Chairman—-R. Kline, Battle Creek; 
Secretary—Gordon Hill; Treasurer—C. 
Voorhorst and Chairman Membership 
Commitice—R. FE. Kline. 


Wichita 


The following offcers have been elected 


for the vear 1950-51: Chairman —Paul 
D. Carter; Ist Vice-Chairman—G. M 
Allen; 2nd Vice-Chairman—W. E. Bush; 
Secretary—Orval W. Daniels; Treasurer 

Harry L. Moberly; 
Committee—G. M. Allen and 
Representative Earl Krasser. 


Chairman Program 


Technical 


Society News 


(Continued from page 670) 


the National Membership Committee. 
The By-Law change includes the appoint- 
ment of a Membership Committee by the 
Executive Committee of the Soctery not 
later than May Ist of each vear, to serve 
from June Ist of that year to May 3lst of 
the following vear, whose duty shall be to 
formulate and execute plans and prepare 
literature for maintaining and increasing 
the membership of the Soctrery. 

The Executive Committee at this meet- 
ing, upon motion, duly seconded, re- 
appointed H. C. Neitzel to serve as Chair- 
man of the National Membership Com- 
mittee for the 1950-51 administrative 
year. Further, the Executive Committee 
ruled that Mr. Neitzel seleet the members 
to serve on his Committee 


“Section A fiiliates’’ Membership 


Request was received from a vocational 
trade school that consideration be given 
to the institution of a membership classi- 
fication to include membership in the 
Soctery at the vocational school level. 

The Executive Committee was of the 
opinion that Article V, Section I], ‘“‘See- 
tion Affiliates” comprehends membership 
at the voeational school level in that 
A.W.S. sections may take into their mem- 
bership “Affiliates of Sections’’ who are 
not members of the Socrery. The annual 
dues for such classification of section mem- 
bership is established by the Section, but 
shall not exceed $5.00. 

The A.W.S. Section enrolling such mem- 
bers then commences a subscription to 
Tue Journar at the rate of 
$5.00 per year for the “Section Affiliate” 
member and also furnishes the member 
with monthly meeting notices, ete. 


Appointment of Three (3) Man Committee 
to Prepare Memorial Resolution for the 
Late BE. H. Ewertz 


The death of KE. H. Ewertz was regret- 
tably announced at this meeting. The late 
Mr. Ewertz was President of the Socrery 
during the 1924-25 administrative year 
and for three (3) vears following was an 
active member of the Board of Directors. 

The Executive Committee appointed a 
three (3) man Committee consisting of 
Messrs. J. H. Deppeler, Chairman: D. 
Arnott and A. G. Oehler to prepare appro- 
priate memorial resolution to be spread on 
the records of the Sociery and transmitted 
to Mr. Ewertz’s Family and Company 
Associates. 
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Ludwig Adams Wins 
Society Award 


At a meeting of the WeLpinc JouRNAL 
Committee, held on Tuesday, July 18, 
1950, it was voted to award a $50 U. 8. 
Saving Bond to Ludwig Adams, Research 
Engineer, Pittshurgh-Des Moines Steel 
Co., Pittsburgh, Pa., as an indication of 
the appreciation of the Socrery to the 
member who returned the questionnaire 
which, in the opinion of the Wetpine 
JouRNAL Committee was most helpful in 
making the JouRNAL of greatest use to its 
readers. 


Metal Show Emphasizes High 
Production 


The importance of National Security 
now comes first in the thinking and plan- 
ning of the metal-working industry. 

The year’s most important meeting of 
this industry—the National Metal Con- 
gress and Exposition — has shifted its em- 
phasis from the economies in production to 
the more realistic approach of plans, ma- 
terials and equipment for high production. 
This shift of emphasis will enable over 350 
exhibitors and 35,000 registered technicai, 
engineering and production men to organ- 
ize and properly integrate their important 
contributions toward the building of a 
National security foree equal to the chal- 
lenge now facing the country. 

The 1950 Metal Show, to be held in 


Standing (left to right): 
. C. Neitzell, Detroit; 
J. Crawford, 
theis, Dayton: 
Plummer, Warren, Pa. 
Kneeling (left lo right): 


Columbus. 


Society Activities and Related Events 


W.F. Stewart, Cleveland: K. Sheren, Detroit; 
Yarrow, Cleveland: W.R. Boyd, Erie; J. F. Wagner, Cleveland: 


Chicago during the week of October 25-27, 
will be the vear’s most constructive gath- 


ering together of men, materials and equip- 


ment. The ‘“‘Congress,”’ covering the 
technical developments in metals, both 
ferrous and nonferrous, will be held in 
scores of meetings, lectures, forums and 
seminars in Chicago’s downtown hotels. 
The International Amphitheatre will be 
the scene of the “Exposition,”’ devoted to 
the operating and nonoperating displays 
of materials, processes, equipment and 
services. Both ‘Congress’ and 
position” will stress the need for high pro- 
duction in all phases of the industry's 
planning and operation. 


District Officers Meeting 


The Section Officers of District 4 held a 
meeting in Cleveland on June 9, 1950 at 
Hotel Allerton with District Vice-President 
Fred L. Plummer presiding. 

Reports of outstanding activities were 
given by representatives of each Section 
following introductory remarks by the 
chairman and by T. J. Crawford, nominee 
for 1950-52 District Vice-President. 

The remainder of the morning session 
and part of the afternoon session were de- 
voted to a discussion of membership prob- 
lems and methods for securing sustaining 
and other types of membership. The re- 


mainder of the afternoon session was de- 
voted to a consideration of Section meeting 
programs and how these might be im- 
proved, 


M. D. Thomas, Saginaw Valley; J. Jarms, Cleveland: 
F. Flocke, Cleveland: 
Detroit; E. J. Brown, Erie; J. L. Purdy, Columbus; C. D. Shul- 
J. CC. Wyss, Cleveland; R. S. Green, Columbus; 


E. H. Turnock, Pittsburgh; T. 
Fred L. 


R. J. 
M. C. Clapp, 
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of the Engineering Foundation 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to The Welding Journal, August, 1950 


Alloying Elements in Chromium-Vickel Stainless 


Steels 


» A review of developments on the subject of stainless 
steels with emphasis on the effects of residual and alloying 
elements on physical properties, metallurgy and weldability 


by Helmut Thielsch 


SUMMARY 


HE information and data which have become avail- 
able on stainless steels during the past decade are re- 
viewed and correlated. Particular emphasis has 
been placed on the effects of the various residual 
and alloying elements on the physical and welding 
metallurgy of the major grades of stainless steel. Thus, 
whenever possible, the considerable variations in the 
chemical and physical properties of weld deposits 
due to small changes in composition are shown. For 
comparison, available information in wrought and cast 
grades is also presented 
Since each element exhibits its own characteristic 
effect upon the properties desired for the alloy, par- 
ticular limitations on the composition or special heat 
The effects of the various 
Although 
a fully austenitic structure may be satisfactory, or 


treatments may be needed 
elements on the structure are also discussed 


desirable, for corrosion resistance or for good forming 
properties, in most alloys, a small amount of ferrite well 


dispersed in the austenitic matrix may produce higher 


Helmut Thielsch is Technical Assistant, Welding Research Council 


This report was prepared under the auspic 
mittee of the Welding Research Cour 
Fuller E. Grinter 

gen; David Swan 
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ductility and resistance to cracking. However, those 
elements which form ferrite may also, when added in 
excess amounts, tend to cause or enhance formation of 
the sigma phase. Because the sigma phase is generally 
undesirable, these elements should not be added in- 
discriminately 

The following factors determine the suitability of 
chromium-nickel electrodes and the amount of carbon 
which may safely be present: (1) corrosive environment 
of welded joint; (2) mechanical requirements of the 
weld; (3) possible applications at elevated tempera- 
tures to which welds may be subjected; (4) percentage 
of chromium and nickel present in the steel and in the 
electrode; (5) presence of minor alloying elements 
(Mo, Mn, Si, ete.) and, or of carbide stabilizing elements 
(Cb, Ti, Ta, ete.) 


arc, atomic hydrogen, ete.; and (7) possibility of heat 


(6) welding processes such as electric 


treatments before and after welding 


Carbon 


In ordinary applications Cr-Ni grades with carbon 
up to 0.06 or 0.070; may be welded satisfactorily 
However, when severe service requirements (often at 
intermediate or elevated temperatures) demand maxi- 
mum freedom from susceptibility to intergranular car- 
bide precipitation, it may then be essential to use either 
the recently developed “Extra-Low Carbon’ grades 
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G. Doan, Chairman > 
M. MacCutcheon; W. Sprara- 
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(ELC), or columbium- or titanium-bearing composi- 
tions. The extra-low carbon grades are generally not 
recommended for service at elevated temperatures 
above 800° F. (425° C.). Installations, in which the 
mechanical properties instead of superior resistance to 
intergranular corrosion are the major criterion, are 
welded preferably with electrodes depositing between 
0.10 to 0.20% carbon. 


Columbium 


Columbium is generally added to prevent inter- 
For this purpose it should be pres- 
to 10 times that of 

Excessive amounts 


granular corrosion. 

ent in amounts approximately 7 
carbon without exceeding 1°% Cb. 
of columbium may introduce hot shortness and may 
deposit highly crack sensitive welds; this is particu- 
larly true when restrained joints and heavy sections 
are welded. The presence of some ferrite in the micro- 
structure will cause considerable improvement. In 
partially ferritic weldments, columbium is essential 
for high-temperature strength. To a lesser extent, 
the same considerations hold true in wrought materials. 


Molybdenum 


Molybdenum, although not acting as a carbide 
stabilizer, is extremely effective in improving corrosion 
resistance, particularly in hydrochloric and sulphuric 
acid applications. The element also tends to prevent 
When carbide stabilization seems neces- 
However, ex- 


pit corrosion. 
sary, columbium is generally added. 
cessive amounts of molybdenum and columbium are 
detrimental. The addition of tungsten to molyb- 
denum-bearing grades improves the high-temperature 
properties of these steels. 


Nitrogen 


Since nitrogen is 25 to 30 times as effective an au- 
stenitizer as nickel, it is sometimes substituted for 
nickel it 
these small amounts tend to remain in solution in the 


amounts up to 0.25°) nitrogen. Because 


austenite, nitrogen plays a different role in’ stainless 
steels than it does in carbon steels where it is thought to 


be rather detrimental. 


Silicon 


Silicon, although improving corrosion resistance to 
hydrochloric and sulphurie acid, produces detrimental 
effects in nitrie acid applications. Silicon also in- 
creases oxidation resistance and resistance to carbur- 
ization in highly reducing atmospheres. Moreover, 
when present above 0.6 to 0.70% most investigators 
believe that it considerably increases the crack sensi- 
tivity of weld deposits made from are-welding elec- 
trodes. For this reason, and because of its action in 
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nitric acid applications, silicon is limited to 0.75°% in 
the A.W.S.-A.S.T.M. welding specifications. In cast- 
ings, the A.S.T.M. specifications permit a silicon con- 
tent up to 2.0% in most cases. 


Titanium 


Titanium is added to prevent intergranular pre- 
cipitation of chromium carbides. Because its recovery 
from welding electrodes is low, it is not usually added to 
electrode materials; columbium is used instead. In 
recent years, titanium along with aluminum has been 
found to be useful as an alloying addition which pro- 
duces age-hardening effects in chromium-nickel stain- 
less steels. 


INTRODUCTION 


Recent years have seen tremendous advances in the 
general understanding of the physical metallurgy of 
stainless steels. Many new alloys have been developed 
and narrower limits of composition have been specified 
for the earlier grades. Thus, each grade, in serving its 
own particular purposes, increases the use of these 
steels in applications for which at one time they were 
thought to be unsuited. 
also been placed on the development of welding tech- 


Considerable emphasis has 


niques which produce weld deposits similar in chemical 
and physical properties to those of the base metal. 
Although chromium and nickel are the major ele- 


ments which give these steels their characteristic 


“stainless” properties, various other elements are now 


considered important alloying additions. Accurate 
control of these elements is important in order to obtain 
the desired properties at a minimum cost. This is par- 
ticularly true in the case of welding electrodes, which, 
because of the “cast”? nature of weld deposits, are more 
sensitive than wrought materials to variations in com- 
position. This essentially 


based upon the influences exerted by the various ele- 


discussion, therefore, is 
ments upon the chemical and physical properties of 
austenitic stainless steels. 

Whenever available, information on both wrought 
and cast alloys is included together with information on 
weld deposits. However, because of similarities, it 
is not always possible to separate the discussion of these 
states. Moreover, whenever applicable, distinction 
has been made between the characteristics of fully 
austenitic and partially ferritie weld deposits. 

This review is concerned only with compositions in 
the general range covered by the American Iron and 
Steel Institute (AISI) in their Standard Type 300 
Series Stainless Steels, Table 1, and by the Alloy Cast- 
ing Institute (ACT) in their standard type stainless 
grades, Table 2. For this reason the cobalt-bearing 
and other heat-resisting grades, which are not typical 
stainless steels, are not included 

Specifications for weld deposits made from standard 


stainless electrodes are given in Table 3." 
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Designation 
301 
302 
302B 
303 


304 
305 
308 
309 
310 
314 
316 
317 
321 
347 


Table 1—Stainless Steel: A.1.S.1. Standard Type Designations*” 


Mn 

Over 0.08-0. 20 

Over 0.08-0.20 

Over 0.080. 20 
0.15 max 


0.08 max 
0.12 max 
0.08 max 
0.20 max 
0.25 max 
0.25 max. 
0. 10 max 
0.10 max 
0 OS max 
0.08 max 


2.00 
2.00 l 
2.00 
2.00 ] 


, max. Si, mar. 
00 
00 
2.00-3.00 


00 


00 1.00 
00 1.00 
00 1.00 
00 1.00 
00 1.50 
00 5-3.0 
00 1.00 
00 1.00 
00 1.00 
00 1.00 


Chemical composition, 


mar. 
040 
040 
040 


O40 
040 
040 
040 
040 
040 
040 
040 
040 
040 


S, mar 
0.030 
0.030 
0.030 


16.00 
17.00 
17.00 
17.00 


030 
030 
030 
030 
030 
030 
030 
030 
030 
030 


18 00 
7.00 
00 
2.00 
00 
00 

00 
00 
7.00 
17 00 


€ 


Cr 


18.00 
19.00 
19.00 
19.00 


20.00 
19.00 
21.00 
24.00 
26 00 
26.00 
18.00 
20 00 
19.00 
19 00 


Ni 
6.00 
00 

00 
OO 


8.00 
10.00 


Ss, Se min 


elements 


Other 


0.07, Zr, 


Mo max. 0.60 


Mo 2 00-3.00 
Mo 
Ti5x C min 

Cb 10 x C min 


Designation 
CE-30 
CF-8 


lable 


Vn, 
0.30 max. 
0.08 max 
0.20 max 
0 OS max 

12 max 
OS max 
16 max 
16 max 
12 max 
10 max 


At 


max. 
50 max 
50 max 
20-0 50 
20-0 40 
20-4) 50 


1 
15 
15 
15 
1! 
] 
2 
9 
9 


20-050 
20-0. 60 
20-0. 60 
0.35-0.75 


bo te 


mad 


mar 
) 
) 
) 


to bo bo bo 


tow 


20-0 
0 04 
0.04 
0.04 
0.04 
0.04 
0.04 
0 04 
0.04 
0.04 
0.04 


0.04 
0.04 
0.04 
0.04 


2—Stainless Steel: Alloy Casting Institute ’ 


Cr 
IS-2 


Cb 
Mo 1 
Mod 


Mo: 
Mo2 
8x C min 
5 manr., 
10-0 SO 


max 
0 20-0. 35 


Mio-Cut 
Mo 0.5 max.? 
Mo 0 
Mo 0.5 max.t 
Mo 0.5 max.1 
Mo 0.5 
N 0.2 max 
Mo 0.5 may 
Mo 0.5 m 
Mo 0 
Mo 0.5 max.t 


max.? 


max 


iX.7 


> 


* There are several proprietary alloy compositions falling within the stated chromium and nickel ranges, a 


amounts of silicon, molybdenum and copper 


+ Molybdenum not intentionally added 


Such alloys are available f 


rom licensed producers only 


nd containing varying 


Table 3—Chemical Requirements for All-Weld Metal'™ 


mag 


mar 


0 030 


al composition, 
S, max 
0.030 
0.030 


or 


0 030 
0.030 
0 030 
0 030 
0.030 
0.030 


0.030 
0 030 
0.030 
0.030 
0.030 


5-2 


50 
00 


10 x ¢ 


1 20 max 


Carbon 


shall be 


inalyzed 


to the nearest 


0.01% 


I. Effects of Carbon Possible applications at elevated temperatures to 


which welds may be subjected 


determine the suitability of the 


Various 


factors 


(without 


alloving 


chromium-nickel 


electrodes 


addi- 


The percentages of chromium and nickel present 


tions) and the amount of carbon which may safely be in the steel and electrods 
present. The most important are: Welding processes such as electric arc, atomic 
Corrosive environment of the welded joint. hydrogen, ete 


Mechanical ductility 


and toughness) of the weld 


l. 
2. requirements (strength, Possibility of heat treatments before and after 


welding 
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P = 
0 00 
= 0.00 
0 0 8 00-11.00 
0 0 10.00-13 
0 0 10. 00-12.00 
0 0 12.00-15.00 
0 0 19 00-22 .00 
0 0 19_ 00-22 .00 
0 0 10.00-14.00 
0 0 11. 00-14 
0 8 00-11 .00 
0 0 9 00-12.00 
| ype Designations 
P, max S, ma Other elements 
0.04 0.04 0 8-11 
0.04 0.04 8-11 
CF-20 0.04 0.04 18-21 8-11 SS 
CF-8M 004 0.04 18-21 9-12 -3.0 
CF-12M ) 50 0.04 0 04 18-21 9-12 3.0 ae 
CF-8C ) 00 0.04 0.04 18-21 9-12 | | — 
CF-161 ) 00 0.17 0.04 18-21 9-12 
CF-16Fa 0 00 0.04 0 10 18-21 9-12 _ 
CG-12 ) 00 0.04 20-23 10-13 ee 
CH-10 0 00 0.04 22-26 12-15 .- 
CH-20 0.20 max 0 00 0.04 22-26 12-15 .- 
CK-20 0.20 max. 00 0 04 23-27 19-22 
CN-7MCu 0) * 0.04 18-22 21-31 
HC 0 ) 00 0.04 26-30, max 
HD 0 () 00 0.04 26-30 1-7 ge, 
HI 0 ) 00 0.04 26-30 8-11 > - 
HF 0 ) 00 0.04 18-23 8-12 a 
HH 0 = 00 0.04 24-28 11-14 fi 
HI 00 00 0.04 26-30 14-18 :: 
HK 00 00 0.04 24-28 18-22 :- 
HL 00 00 0.04 28-32 18-22 ee 
HT 00 50 0.04 13-17 33-37 ._ 
= 
Series (C, maz.* Vn, max min Vi, min Vo Ch 
308 0.08 2.50 0.75 
£300 0.15 2.50 075 2.0 12.0 
> E310 0.20 2.50 075 25.0 20.0 1 
E316 0.08 2.50 0.75 17.0 11.0 1 i a 
E317 0.08 2 50 0.75 18.0 12 0 3.0 
£330 0.25 2.50 0.75 14.0 33.0 
E347 0.08 2 50 0.80 18.0 9.0 
363-8 


In addition, the various residual elements present 
may introduce beneficial or detrimental effects. 
of the more important of these effects are discussed in 
subsequent sections. 


Some 


CORROSIVE ENVIRONMENT 
General Considerations 


The susceptibility of the straight chromium-nickel 
stainless steels to intergranular precipitation mainly 
depends upon the carbon content, the temperatures at 
which the respective alloy is exposed and the length 
(time) of exposure. Moreover, even if carbide precipi- 
tation has occurred, the action of the corroding liquid 
may not be sufficiently severe to cause intergranular 
corrosion. In addition, the degree of such intergranular 
attack is less for fine-grained steels when the time at 
critical temperatures is relatively short. The forma- 
tion of some ferrite also lowers the possible detrimental 
consequences of intergranular precipitation.® “ Cold 
rolling, however, enhances intergranular corrosion of 
susceptible steels sensitized above about 900° F. 
(490° C.), unless it is followed by effective desensitiza- 
tion at 1300 to 1600° F. (705 to 870° C.). Details 
as to the effects of composition, temperatures and times 
are given in a subsequent article.?"° 

Obviously, because of the many variables involved, 
it is difficult to analyze the results of laboratory tests 
for intergranular corrosion in order to predict the suit- 
ability of a certain composition for a particular ap- 
plication. 


Effects on Wrought Alloys 


The maximum carbon content allowable for complete 
immunity under the severest test conditions seems to lie 
below 0.015 to 0.020°; carbon,'* 7) when a sen- 
sitization treatment of 21 days at 1020° F. (550° C.) is 
used.” However, as many authors have pointed out, 
*. 7! requirements of such severity are rarely met in the 
field. 
critical sensitizing (carbide precipitation) range 900 to 
1600° F., (480 to 870° C.) only for a limited time. 
The effects of time on sensitization have been shown 
in detail by Binder, Brown and Franks’! for various 
chromium-nickel-carbon content. For example, Fig. | 
predicts that, in steels containing 18°; chromium, 10.5 
to 11.0°) nickel and 0.050°% carbon, 37 sec. may pass 
at 1380° F. (750 
be noted. Four and one-half minutes are required for 
precipitation in an IS-LL (Cr-Ni) alloy which contains 
0.027"; nickel 
content from 8.8 to 12.67 seemed to enhance suscepti- 
bility to intergranular precipitation; a fact confirmed 
in the discussion by Rosenberg,*’* and has also been 
Chromium, on the 


Thus, in welding, specimens remain in the 


C.) before carbide precipitation can 


carbon. Moreover, increasing the 


reported by other investigators. '** 
other hand, seems to extend somewhat the limits of 
maximum carbon content i.e., by raising the chro- 
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Fig. 1 Time-temperature-precipitation curves showing 


the effect of changing carbon content in austenitic 189% 
chromium steels containing 10.5 to 11.09 Nickel: 


°C 


Temperature 


Tests made in boiling acidified copper sulphate solution. Time 


is; O no intergranular attack; @ intergranular attac 


mium content, the time necessary for carbide precipita- 
tion will be increased. Moreover, 
higher chromium content, intergranular corrosion will 
be decreased.®: 


because of the 


Effects on Weld Deposits 


Carruthers and Linnert™? subsequently pointed out 
that susceptibility to intergranular corrosion of are- 
welded specimens may be estimated from an immunity 
factor obtained by the use of an equation first suggested 


by Binder, Brown and Franks.”7! The equation reads: 


6.17 
carbon) 
10 (%@ nickel) — 276 = Immunity factor (1) 


+13.8 (©% chromium) — 


A positive immunity factor predicts resistance to 
intergranular corrosion. 

The authors’ also developed an equation approxi- 
mating the time necessary to cause precipitation in the 
critical temperature range; that is, 
nose of the curve (Fig. 1). The time (/) is obtained as 
follows: 


the time to the 


t = 63.5 (©% chromium) — [50.5 (“7 nickel) + 
6820 carbon) + 1037 nitrogen)| — 178 (2) 

The residual amounts of nitrogen were found to be 
sufficiently significant to enhance intergranular pre- 
cipitation, 

The time of cooling through the critical temperature 
range may be modified somewhat for each of the weld- 
ing processes, Some of these processes, such as gas 
welding, tend to develop a greater amount of heat which 
will increase the depth of the heat-affected zone and in 
addition keep the section longer in the sensitizing tem- 
perature range. 

* These results disagree with earlier studies by Bain, Aborn and Ruther- 
ford ™ who reported ‘that neither the chromium content within the range 


15 to 19° nor nickel within the range 7.5 to 11°). nor the sum of the two 


00%; residual iron’) has any significant effect 
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Because cooling rates play such an important part, 
it is also necessary to consider the section size (width 
and thickness) of the welded plate. Thus, thin sec- 
tions which require only a single pass are less susceptible 
to precipitation than heavy sections on which many 
passes have to be deposited.'® In these, the heat- 
affected zone of the parent metal may remain in the 
precipitation-temperature range long enough for serious 
carbide precipitation to occur. Intermittent cooling 
between passes, if shop practice permits, may be 
beneficial. The important variable, however, is the 
carbon content. Thus, Sykes’* for example, reported 
that thin gages (16 gage-0.0625 in.) of 18-10 (Cr-Ni) 
grades containing up to 0.05 to 0.06°% carbon should 


weld satisfactorily. Fure,‘4 Hougardy** and others! 
believe that stainless steels with less than 0.06 to 0.07% 
carbon should weld satisfactorily without significant 
precipitation of carbides. However, it should be 
emphasized that for applications in severe corrosive en- 
vironments where intergranular precipitation may 
cause detrimental consequences, low-carbon steels 
(0.03°% max. carbon) have now become commercially 
available." The common grades, 18-8 (Cr-Ni) 
and 18-8-Mo, (Cr-Ni-Mo) are particularly suitable to 
serve in corrosive environments at temperatures up to 
800° F. (425° C.), thereby saving stabilized titanium- or 
columbium-bearing grades for applications at higher 
temperatures. 

Once chromium carbides have been formed, they can 
be removed only by annealing the steel between 1850 
and 2050° F. (1010 and 1120° C.) to cause dissolution 
of the carbides. Cooling has to be sufficiently rapid 
to below 600° F. (315° C.) to prevent reprecipitation 
of the carbides. However, the required cooling rates of 
less than 2 to 4 min. (depending on carbon content) 
may be impractical because they cause severe distor- 
tion in the weld." 

Shanahan” suggested shooting a stream of water 
over the weld to lessen carbide precipitation. How- 
ever, caution must be practiced not to get water into 
the liquid weld crater. Moreover, distortion in these 
quenched welds may be quite critical 

Cold work and straining may also enhance inter- 


granular precipitation in welds used at elevated tem- 


peratures. Tiffin'’® thus reported that 25-20 (Cr-Ni 


welds in steel tubing used in superheaters failed after 
700 hr. of service at 400 Ib. boiler pressure and 750° F 
(400° © 
severely peened immediately after welding 


Failures occurred in welds which had been 
(mission 
of peening, or a subsequent heat treatment, between 
1900 and 2100° F. (1040 and 1150° C 
with eliminating failures caused by intergranular pre- 


were credited 


cipitation. 

It is now apparent that in addition to carbon content 
other factors have to be considered when service in 
certain types of corrosive environments demands a 
stainless steel free from intergranular precipitation 
The major factors are chromium-nickel composition, 


service temperature, cooling rates of heat-treated or 
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welded sections, welding processes and internal strains 
due to cold work. 


MECHANICAL REQUIREMENTS 


General Considerations 


A series of tests were conducted by Ostrom and 
Thomas'"® 
properties and the corrosion resistance among cast, 


Analysis of the ma- 


which permit a comparison of the mechanical 


wrought and welded specimens. 
terial was as follows: 


Cc Mn Si S P Cr Ni 
Ingot (series A 0.061 0.62 0.42 0.015 0.008 19.88 10.57 
and B) 
Weld deposit (ser- 0.061 0.70 0.50 0.016 0.010 19.30 10.57 
ies C and D) 


The results are repeated in Table 4 and show that 
annealing at 1950° F. (1065° C.) for 15 min., followed 
by water quenching, reduces the tensile strength 
slightly and increases ductility. Similarly, toughness 
and corrosion resistance are improved. Sensitizing 
these 0.06107) carbon alloys 4 hr. at 1200° F. (650° C.) 
modifies the mechanical properties only slightly; how- 
ever, resistance to corrosive attack decreases severely. 
The corrosion rate of the weld deposit in the ‘‘as-re- 
ceived” condition (sample No. C-1) is unusually high. 
This is due to the particular method of preparation in 
that the many passes needed to build up an all-welded 
metal specimen had a sensitizing effect on the carbon 
content. Ordinary welding techniques obviously would 
not produce as severe a degree of intergranular carbide 
precipitation which, in turn, is responsible for the corro- 
sion “ates 

There are a number of ways by which the mechanical 
properties may be affected by changes in composition. 
Herres and Turkalo,’ for example, generalized that the 
tensile strength of low-carbon (0.107, max 
Cr-Ni) steels, which ranges from 80,000 to 90,000 Ib. 
per square inch, may be raised further by (1) increasing 
the carbon content of the austenite, (2) increasing the 
proportion of chromium or other ferrite forming ele- 
ments to obtain a mixed structure of austenite and high 
chromium ferrite or (3) lowering the total alloy content 
to obtain a mixed structure of austenite and martensite. 
The last method, however, would prove to be rather 
impractical because of the severe reduction of ductility 
due to the formation of martensite. On the other hand, 
the first two methods may even improve the ductile 
properties of weld deposits by reducing their crack 
sensitivity 

The presence of ferrite has another advantage. 
Carbides will precipitate preferentially in the boundaries 
of the ferrite grains. In this state, the alloy is less 
susceptible to intergranular attack than if carbide pre- 
cipitation had oecurred in the grain boundaries between 


austenite grains. However, the presence of appreciable 
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Table 4—Properties of Cast, Rolled and Welded 18-8 (Cr-Ni) Stainless Steel'® 


Brinell Corrosion rates in boiling 
Yield Ultimate Elongation, Izod impact, hardness 65% HNO, for five 48-hour 
Sample no. Heat treatment strength, psi. strength, psi. % in 2 in. ft-lb. number periods (av.) in. per month* 
Cast ingot 
A-1 As-received 29,500 66,250 58 106 132 0.00206 
A-2 1950 anneal 33,000 66,500 63 111 116 0.00048 
A-3 2300 anneal 29,000 63,400 61.5 106 123 0.00050 
A-4 1200 sensitized 31,000 67,500 56 101 116 0.00656 
Ingot hot rolled 
B-1 As-received 46,750 84,750 58.5 120 140 0.00204 
B-2 1950 anneal 36,250 78,750 62 120 131 0.00049 
B-3 2300 anneal 34,000 78,000 65 120 126 0.00047 
B-4 1200 sensitized 35,000 79,500 63.5 120 131 0.00544 
Weld deposit 
C-1 As-received 51,100 79,000 45 65 172 0 02344 
C-2 1950 anneal 40,100 74,000 15 81 154 0.00064 
C-3 2300 anneal 35,250 75,400 54.5 85 134 0.00070 
C-4 1200 sensitized 40,500 75,000 46.5 90 140 0.04263T 
Weld hot rolled 
D-1 As-received 64,000 119,250 30 67 229 0.00965 
D-2 1950 anneal 41,600 88, 100 52.5 95 149 0.00061 
D-3 2300 anneal 32,400 80,200 57.5 101 123 0.00059 
1200 sensitized 44,400 90,600 50.5 92 146 LIST 


+ Average of three periods (specimens disintegrated ). 


quantities of ferrite may, on heating at temperatures 
below 1600° F. (870° C.), accentuate the formation of 

In fact, even 1600° F. (870° C.) is 
‘not necessarily the maximum temperature for sigma 


sigma phase. 


. 
‘formation. The actual maximum temperatures at 


which sigma may form depend upon the composition 
of the steel. This is particularly true in the higher 
chromium grades such as the 25-12 (Cr-Ni) alloys in 
which all the ferrite (when present) may transform into 
sigma. If that occurs, impact toughness may be 
severely lowered. 


Effects of Rates of Solidification and Cooling 


The more rapid the solidification of the weld metal, 


the higher the yield strength may be. This is caused 


by higher carbon and nitrogen pickup, as well as by 
lesser dendritic segregation and by finer dispersion of 
ferrite in the binary structures.’ Of course, the rate of 
cooling of the solidified weld metal cannot increase 
earbon and nitrogen content. However, slow cooling 
rates, under some conditions at least, tend to decrease 
the nitrogen content. This is why fast cooling rates 
may also raise the vield strength slightly. 


Effects of Carbon Upon the Mechanical Properties 
of Weld Deposits 


From the earlier discussion it is quite evident that, 
for service applications in corrosive environments, 
welding electrodes containing as little carbon as pos- 
sible are preferred. However, when elimination of 
microfissures in fully austenitic compositions is the 
major criterion, the use of electrodes containing a 
higher carbon content may become essential. These 
microfissures will have a detrimental effect on both 
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* Because of pitting corrosion rates increased in each subsequent period in all the as-received and the sensitized specimens. 
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ductility and strength. As pointed out by Campbell 
and Thomas,* Linnert and Bloom® and Carpenter and 
Jessen® for 25-20 (Cr-Ni) grades, there is a consider- 
able decrease in the ductility when the carbon content 
falls below 0.10°%. In these fully austenitic composi- 
tions, the decrease in ductility seems to have been caused 
by the appearance of microfissures in the grain bound- 
aries. Best results were obtained with weld deposits 
containing between 0.10 and 0.20°) carbon. In 
(Cr-Ni) weld metal, Lee! reported that he found a 
decrease in crack sensitivity with as little as 0.05°; 
carbon. Obviously, this lower range was made possible 
by the presence of ferrite in the microstructure 

The type of coating used on the electrode also ap- 
pears to be an important factor. Results obtained by 
Campbell and Thomas* for titania- and lime-type coat- 
ings, respectively, are reproduced in Fig. 2. From 
their results, ductility appears to remain somewhat 
higher in weld deposits made from electrodes with 
lime-type coatings when they contain a carbon content 
above 0.15°%. These differences are independent of 
carbon in the coating, for, according to Thomas,'* 
the carbon content of the weld metal depends upon the 
amount and grade of the ferro-alloys and not upon the 
type of coating. 

In order to meet the elongation of the transverse 
tensile specimen as required by the U.S. Bureau of 
found 
that a minimum elongation of 30°; was necessary in an 


Ships Specification,’ Campbell and Thomas 


all-weld-metal specimen. 

Other elements, particularly silicon, seem to modify 
This is apparent from the work 
of Rozet, Campbell and Thomas” who, for 15-35 
(Cr-Ni) weld metal, showed the effects of varying car- 
bon and silicon content on the ductility of the weld 
deposits. 


these considerations. 


Their results are reproduced in Fig. 3. 
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CARBURIZATION TITANIA TYPE COATING |LIME TYPE COATING | 
| LA| | 
General Considerations 10 = | 
° 
service ¢ ications at elevate x a 
In service application elevated x } J 
temperatures where resistance to © g0 — —+— 
corrosion is not of significant im- 
portance, the use of stabilized grades me 
YS | 
is generally not necessary. How- 60 
ever, carburization may occur if the Be } 
atmosphere and environment are 6 cia 
. a | 
suitable. Results of a series of tests 40 
on various steels are reported in jEL. 
Table It is evident that the SS 
stainless steels are much less car- oz 
burized than the chromium-alloy 
steels. Nevertheless, severe cases 
of carburization have been observed mu « 0 
lant il refinery I t, et 
ants, oil refinery equipment, ete 
i : my Fig. 2. Effect of carbon upon the tensile properties of 25-20 (Cr-Ni) weld 


5 


Thus Holmberg"! 
and 25 


reported finding 
20 (Cr-Ni) 


carburized cases ' , in. deep with a 


in tubes 
carbon content 
approaching 3°, However, he pointed out that since 
neither corrosion nor intergranular cracking developed 
in nonstabilized grades used at elevated temperatures 
where carburization occurred and where corrosion was 
not a factor, these grades gave satisfactory service 
Since it is generally believed that the necessary elec- 
trolytes cannot exist as such at elevated temperatures, 
unlikely to 
instances, reactions other 


18 


intergranular''’ and stress corrosion® are 


occur. However, in a few 
than those caused by ordinary electrolytes are believed 
For 


manifolds 


responsible for failure at elevated temperatures 
example, intergranular failure in exhaust 
made from 18-8, 25-12 and 25-20 (Cr-Ni 
believed to be caused by the action of lead bromide 


grades are 


which is a reaction product of the constituents which 


are present in aviation gasoline?” 


metal® 


Welding of Carburized Stainless Steels 


The welding of carburized steels requires considerable 
care. Generally, preheating to 570° F. (800° C.) 
seems advisable 

Since the carburized parts are rather brittle, exposed 


More- 
still 


surfaces may fail with very little elongation 


over, welds, because of their “‘cast’’ nature, are 
less ductile than the wrought parent metal 

When microfissures are present, service life may be 
appreciably lowered. ‘The detrimental effects of the 
microfissures in reducing ductility and tensile strength 
are accentuated in these atmospheres by carbon which 
tends to deposit in the fissures. As such, it is generally 
believed that the pressures developed by the carburiza- 
tion reactions may force open these fissures and propa- 


gate severe cracks throughout the materia! 


A. Chemical Composition 
Type Cc Mn P Si i 
5Cr Mo 0.12 0.40 0.014 0.017 0.34 > O01 
5CrMo+ Ti 0.10 0.44 0.010 0010 0.38 4.98 
Sicromo 5S!) 0.10 0.38 0.009 0.016 1.55 4.83 
Sicromo 7M 0.11 0.40 0.010 0.011 0.95 7.42 14 
Sicromo 9M 0.12 0.44 O O11 0.0138 067 9.50 0.20 
18-8 006 050 0 0.008 17.75 25 
IS-S + Ch 0.08 1.72 0.011 0.008 O.58 18.25 12.93 
16-13-3 0.08 1.40 0.011 0.012 045 16.42 13 44 
25-20 0.11 0.58 0.009 0.010 0.75 23.60 20 65 
27 Cr 0.12 0.45 0.009 0.014 0.47 25.40 


note: All specimens were carburized in a batch t 
of each evele was 36 hours and specimens were submitted to 20 « 
was 20.7% CO, 38.7% He, 0.8% CH, and 30.8% N After 


1 hours 
was burned out with air with the temperature being held at about 1680°1 


Table 5—Compositions and Carburizing Test Results on Various Alloy Steels 


pe gas carburizing ft 


B. Carburizing Test Results 
Carbon Content at 

Indicated Distance from Surface 
Sur 0.005 0.010 0.015 0.020 0.025 
Ti N Ct va In In In In In 
123 371 3.30 3.06 287 2.68 
» 0.51 371 3.39 2.81 25300 2.34 2.24 
2.80 2.73 2.72 250 2.30 2.11 
3.16 326 3.08 284 2.46 2.19 
} 120 3.09 2.59 2.52 2.44 2.36 
0.13 018 0.16 0183 0.10 
0) &S 0.32 026 0.19 0.16 O11 0.10 
016 O18 O18 0.15 
0.06 0.07 0.08 0.10 O.OS 
0.125 0.19 0.18 0.16 0.15 0.13 O11 


irnace operating at an average temperature of 1680°1 Length 
For the first 4 hours of each evele the composition of the gas 
to 20% natural gas added Between each 36 hour cycle carbon 
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As in the case of castings, the chart 
allows a fairly accurate prediction 
as to whether or not the weld deposit 

panes will be fully austenitic. By drawing 
a line through two compositions, the 
structure of the alloy should be fully 

eee austenitic if the amount of the third 
element present in the alloy is above 
(below in the case of chromium) the 

100900 intersection between the composi- 
tion line and the drawn line. In are 
welding with standard lime- and 

90,000 titania-coated electrodes, when it 

may be possible only to ascertain 


: the core wire compositions, the 

—— {80,000 structure of the weld deposit may 

be approximated by subtracting 1% 

from the chromium content of the 

core wire. As most commercial 


welding electrodes are already com- 
pensated with a higher chromium 
———¢0,000 content, the chromium in the type 
designation (18-8, 25-12, etc.) may 
be less than the actual chromium 
content in the electrode. The same 
core wires are generally used for 
lime- and titania-type arc-welding 
electrodes, but, because of the 


greater chromium losses with titania 
coatings, the titania types usually 
have added amounts of ferrochro- 
mium in the flux coating. 


Welding Processes 


It has been pointed out that the 


welding process plays an important 


| 
PER CENT CARBON 


Fig. 3) Strength and ductility of 15-35 (Cr-Ni) weld metal as affected by carbon 


and silicon content™ 


STRUCTURAL RELATION AMONG 
CHROMIUM, NICKEL AND CARBON IN 
CASTINGS AND WELD DEPOSITS 


General Considerations 


Because of the sluggish reaction rate in the solvent, 
whether it be austenite or ferrite, it is not easy to de- 
termine the phase equilibrium which exists at any 
particular Fe-Cr-Ni-C composition. However, from 
Fig. 4 a fair approximation may be gained for predicting 
the necessary amounts of carbon, chromium or nickel 
required to obtain a fully austenitic structure. The 
nomographic chart was adapted from results presented 
by Gow and Harder' with 25-12 (Cr-Ni) castings 
containing 1.0°% each of manganese and silicon.* 


* More detailed information on the effects of carbon and the major alloy- 
ing elements can be gained from Schaeffler's diagram which is discussed in a 
subsequent article?” 
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grease, oil and other carbonaceous materials on the sur- 
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a part in determining the depth of the 
heat-affected (and fusion) zones. 
Even more important is the fact that 
the carbon content of the weld de- 
posit may be considerably modified 
by the welding process used. This has been shown 
graphically for a number of methods by Brotherton,® 
Fig. 5. From his results, it is apparent that carbon 
pickup may be most severe in oxyacetylene welding. 
However, because of individual differences in some weld- 
ing techniques, considerable variations may be noted in 
the results shown in Fig. 5. Thus, although these re- 
sults are of interest, they should be accepted with con- 
siderable caution. Obviously, the type of flame used in 
gas welding, whether oxidizing, reducing or neutral, 
may change these values considerably. Even with the 
best conditions of a neutral flame, some increase in 
carbon content may be expected.'** Atomic-hydrogen 
welding, on the other hand, seems even slightly decar- 
burizing (Fig. 5).* "In results obtained by Binder, 
Brown and Franks’! with the submerged-melt process 
the carbon pickup seemed negligible. The presence of 
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face prior to welding, may also be the cause of the car- 
bon pickup in the weld deposit.'** 

The oxyacetylene process heats a greater area of the 
parent metal and causes the heat-affected zone to cool 
more slowly. Thus the zone will be exposed for a longer 
period in the sensitizing temperature range and carbide 
precipitation may be more severe than it would be 
had the are-welding process been used.'** 

In order to reduce carbide precipitation by means of 
rapid cooling of are welds, Brady,” and Whitmer"! 
recommended running the weld in stringer beads (no 
weaving) and using small diameter electrodes and low 
welding current. Moreover, dilution will be minimized 
by depositing multiple passes instead of heavier single 
beads. 

In spot welding operations, Henry, Claussen and 
Linnert® stated that rapid welding rates are imperative 
for 18-8 (Cr-Ni) compositions. Otherwise, the carbide 
precipitation (sensitization) temperatures may reach 
the outer surfaces of the overlapping sheets, where the 
corrosive agent may cause intergranular attack. For 
best results, under-water welding is recommended. 
Similarly, Lardge,'* in discussing resistance welding 
techniques, suggested welding under-water as a means 
of preventing carbide precipitation and minimizing 
distortion 

In oxy-are* and powder 
carbide precipitation seems to be less severe than it is 


® cutting of stainless steels, 
when caused by ordinary welding techniques. Stark 
and Bishop,” using powder cutting, reported that 
carbide precipitation could not be observed in a low- 
carbon grade of steel containing 0.035°7 carbon, 18.28°; 
chromium and 9.58°;, nickel. 


THE EXTRA-LOW CARBON GRADES 
General Considerations 


Developments of recent years have made possible 
the economic production of austenitic steels containing 
a maximum carbon content of 0.03°,. Three types of 
the extra-low carbon (ELC) grades are now produced 
commercially (1) Type 304 ELC, (2) Type 316 ELC 
and (3) Type 317 ELC. 
grades corresponds to the standard, equivalent types 
listed in Table 1. 

Although a carbon content below 0.03°) prevents 


The alloy composition of these 


harmful carbide precipitation, these ELC type steels 
are nevertheless detrimentally affected by lengthy 
exposures in the sensitizing temperature range. Thus, 
these steels are not recommended for service at tempera- 
tures above 800° F. (425° C.) 


Mechanical Properties 


Because of the lower carbon content the ELC type 
steels exhibit tensile and vield strengths about 5 to 10% 
below those of their standard equivalent types which 
contain 0.08 to 0.10°7% carbon. On the other hand the 
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ELC type steels show somewhat higher values for 
elongation and reduction in area.” 


NICKEL , MINIMUM PER CENT 


CHROMIUM, MAXIMUM PER CENT 


z 
w 
Oo 
a 
z 
x 
< 


+- 8.0 


Fig. 4 Nomographic chart of chromium, nickel and car- 
bon contents for wholly austenitic compositions in castings 
and weld deposits, after Gow and Harder'* 
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Fig. 5 Ryan chart depicting the comparative amounts of 
carbon pickup with oxyacetylene, heliarc, arc and atomic 
hydrogen processes™ 
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The impact strength (V-notch) of manually are- 
welded joints in '/:-in. thick types 304 ELC and 316 
ELC plates are reported in Table 6a. 


Welding Characteristics 


In properly manufactured welding electrodes, carbon 
pickup can be avoided. This is evident in the data by 
Linnert*” which are shown in Table 6b. 

The variations in carbon content of core wires and 
weld metal are within the range of analytical error at 
this low-carbon level. 


WELDING ELECTRODES 


General Considerations 


A list of the major chromium-nickel welding elec- 
trodes that are not modified by alloying additions 
and are manufactured in the United States is given in 
Table 7. 

Weld deposits made from these electrodes may con- 
tain a finely dispersed ferrite within an austenitic ma- 
trix because of dendritic segregation and coring. 
The amount will be influenced by the various elements 
which are present as alloying or residual constituents. 
Thus, for example, a high chromium and silicon content 
coupled with a low-carbon and nickel content may en- 
hance formation of the ferrite and sigma phases at the 
favorable elevated temperatures. 


Table 7—Characteristics of Straight Chromium-Nicket 
Austenitic Welding Electrodes’, 


Application 
Used to weld stainless types 301, 302, 303, 
304, 305 and 308, and for the deposit of a 
protective overlay or resurfacing on iron 
alloy, or steel blades. 

Recommended for welding 25-12 (Cr-Ni> 
cast and wrought steels and 18-8 (Cr-Ni) 
stainless clad steels. Also, used for 
resurfacing of carbon and alloy steels, 
and on tool steels prior to welding the 
final pass with a hard-surfacing elec- 
trode. 

sed for welding 25-20 (Cr-Ni) stainless 
steels, and medium and high carbon and 
chrome alloy steels where postheat 
treatments are undesirable. Finds con- 
siderable application in welding heavy 
armor plates. 

Recommended for welding 15-35 (Cr-Ni) 

wrought and cast steels and for repairs 
on many high-temperature alloy steels 
used above 1400° F. (760° C 


* Grade AISI type 
18-8 E308 


25-12 E309 


~ 


25-20 E310 


15-35 E330 


* A.W.S.-A.S.T.M. Designation. 


18-8 Chromium-Nickel 


This type includes the different nominal variations 
ranging from the 17-7 chromium-nickel to the 20-10 
chromium-nickel analyses. The carbon content is kept 
below 0.08% by most manufacturers. 

Where it is necessary to make the weld on the 18-8 
(Cr-Ni) compositions in one pass, Conley'” preferred 
25-12 (Cr-Ni) or 25-20 (Cr-Ni) electrodes. Conley 
claimed that the latter two electrodes gave weld de- 
posits of greater ductility than if 18-8 (Cr-Ni) elec- 
trodes had been used. Although this might well be 
true of weld deposits obtained from fully austenitic 


Impact strength, ft.-lb. 


(charpy notch location ) as-welded 

Notched in unaffected plate metal 75 73 
— 105 
— 320 

Notched in heat-affected zone of 75 

plate metal 

—105 
— 320 

Notched in center of weld metal 75 35 


deposit 


Table 6a—Notched Bar Impact Strength of Are-Welded '/:-In. Plate 


804 
Tem peratu re, (Electrode 308) 
F. 


304 ELC (electrode 316 ELA electrode 
308 + ELC) 316 ELC) 
Welded, Welded, 
stress stress 
» relieved relieved 
2 hr. at 316 2 hr. at 
1600° F. (Electrode 316) 1600° F. 
As-welded air cooled as-welded {s-welded air cooled 
76 75 57 j4 55 
90 79 5Y 58 
71 70 51 44 
70 58 45 55 
76 52 45 58 
65 38 38 4 
35 29 36 31 26 
20 


Table 6b—Analyses of Core Wire and Weld Metal for Covered Metal-Are Electrodes of ELC Grade” 


Type Core wire size in., Flux coating Materval Cc Mn Si 4 Ss Cr Ni Vo 
308 ELC 8/5 Lime Base Core wire 0.029 1.51 0.50 0 027 0 O18 19 69 10 42 
Weld metal 0.030 1.20 0.18 0.026 0.016 19 06 10.69 
316 ECL 9/1 Lime Base Core wire 0.030 1.77 0.31 0.025 0.006 17.938 13.51 2.65 
Weld metal 0 028 1.22 0.15 0.023 0 007 17.86 13.48 2 61 
316 ELC 8/a Lime Base Core wire 0 028 1.87 0.48 0.030 0.013 19 54 13.23 2.35 
Weld metal 0.081 l 0 21 0.032 0 010 13. 2.28 
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18-8 (Cr-Ni) type electrodes, weld deposits made from 
properly balanced 18-8 (Cr-Ni) electrodes actually will 
exhibit a slightly superior ductility to 25-20 (Cr-Ni) 
weld metal. Weld deposits from properly balanced 
18-8 (Cr-Ni) electrodes contain about 5 to 10% 
ferrite. 


25-12 Chromium- Nickel 


Compositions generally vary between 22 to 26° 
chromium; the lower chromium content is preferred 
when a more fully austenitic structure is desired 


25-20 Chromium- Nickel 


This composition, although more costly than the 
18-8 and 25-12 (Cr-Ni) grades, finds considerable use 
in high-temperature applications which require re- 
sistance to oxidation. Moreover, the alloy exhibits 
corrosion resistance which is also generally superior to 
18-8 and 25-12 (Cr-Ni) grades. 
thought to be less susceptible to intergranular carbide 


As such the alloy is 


precipitation which is caused by the increased sluggish- 
ness of the higher alloy content. Moreover, since the 
higher percentage of chromium is less easily depleted 
at the grain boundaries, it may reduce the severity of 
intergranular corrosion attributed to possible carbide 
precipitation. However, the alloy is not immune to 
intergranular precipitation nor to sigma formation. 
Thus it may be necessary to use a columbium-bearing 
25-20 stainless electrode in applications which will be 
exposed to sensitizing temperatures and severe corrosive 
environments. However, because columbium enhances 
formation of sigma, this element should not be added 
indiscriminately. 

25-20 electrodes are also used extensively for welding 
medium-carbon, high-carbon and chromium-alloy steels 
As such, 


this composition has been used considerably in welding 


when postheat treatments are undesirable. 
armor plates.* (An extensive summarization of the 
published literature up to 1938 was presented in a 
previous review.' It will be continued in a future dis- 
cussion on the welding of dissimilar metals with stain- 
less electrodes. 

When fully austenitic, 25-20 (Cr-Ni) steels seem to 
show greater crack sensitivity than 18-8 and 25-12 
grades. Holmberg! found this particularly true in 
carburizing atmospheres. However, according to Whit- 
mer,'*! welds of the more highly alloyed Cr-Ni grades 


have greater toughness. t 


15-35 Chromium- Nickel 


As Avery and Matthews! pointed out in their dis- 
cussion of 16-35 (Cr-Ni) cast steels, these alloys show 


superior creep strength at 1400 and 1600° F. (760 


* In recent years the more economical “ molybdenur 
Cr-N grades are often 
ir weld deposits are less « 
iscrepancy A» Carpenter and Jessen? 
wits, slightly higher than normal in silicon 
sughness may not be lowered by crack sensitivity 
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and 870° C.), have less thermal expansion and have 
Moreover, if the 
carbon content is increased, the hot ductility is not 


better resistance to carburization. 


lowered as much as with the other grades which are less 
sensitive to variations in composition over a broad com- 
mercial manufacturing range. 


II. Alloying Elements 


ALUMINUM 
General Considerations 

Aluminum is a very strong ferrite former. In this 
role, aluminum is about 10 to 15 times as effective as 
chromium. 

Aluminum additions of | or 2°) improve somewhat 
the high-temperature oxidation resistance by forming 
protective aluminum-oxide layers. However, because 
aluminum is readily oxidized, its addition in quantities 
above 0.50% to the stainless-steel melt, prior to pouring, 
is difficult and usually leads to erratic recovery 

Because of these features, aluminum additions to 
made in 


chromium-nickel stainless steels are rarely 


commercial practice. The only major exception are 


certain age-hardening type alloys 


{ge-Hardening Characteristics 


Best age-hardening results seem to be obtained with 
metastable alloys whose composition allows formation 
of austenite at temperatures between 1750 and 1950° F. 
(955 and 1065° C.), and transformation of most of the 
austenite to ferrite below 1500° F. (815° C.). A final 
155 to 510° C.) 


an aluminum rich phase be- 


heat treatment between 850 to 950° F 
causes precipitation ol 
lieved to be an aluminum-nickel « ompound 

Because cold working considerably enhances trans- 
formation of austenite to ferrite,*"’ cold working may 
be substituted for the intermediate heat treatment be- 
low 1500° F. (815° C.). However, the final aging 
treatment is still necessary if maximum hardening is 
desired. 

These considerations are fully utilized in a recently 
developed®*! commercial alloy which contains 

0.07% 

Cr 17.0% 

Ni 7.0% 
Al 1.0% 


Welding Characteristics 


Because aluminum is readily oxidized, stainless elec- 
trodes containing aluminum do not lend themselves well 
to all welding processes. Thus in ordinary arc and oxy- 
acetylene processes a substantial amount of the alu- 


minum would be lost as slag 
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However, the shielded-are processes, in which the 
weld metal is protected by use of atomic hydrogen or 
inert gases, have been used with high success in welding 
aluminum-bearing stainless steels.??! 


BISMUTH 


Bismuth represents an effective addition for im- 
proving the machinability of the stainless steels. 
As Pray, Peoples and Fink*' have shown, its advantage 
over sulphur and selenium is that it does not seem to 
lower the corrosion resistance. Generally, the element 
has no influence on the susceptibility to intergranular 
corrosion. From 0.20 to 0.25% Bi in 19-9 and 25-12 
(Cr-Ni) alloys has little effect on the tensile strength, 
but will somewhat lower impact toughness and ductility. 

The results of welding tests with stainless electrodes 
containing bismuth are given in Table 8. _ It is apparent 
that bismuth tends to volatilize considerably. The 
authors stated that the weld deposits were sound and 
showed a somewhat superior corrosion resistance than 


- the castings on which they were deposited. 


BORON 
General Considerations 


Although boron, in amounts of less than 0.01°, 
seems to have become a popular addition to many low- 
alloy steels, it is not a favored element in stainless steels. 
Moreover, as is true in carbon steels,** the presence of 
boron above about 0.05°7 seems to introduce brittle- 
Thus J. T. 
Gow** reports that a commercial boron-bearing stain- 
less steel'® (normal boron content 0.002°) shows a 
definite falling off in tensile properties when boron 
exceeds 0.05°%. 


ness, and, in larger amounts, hot shortness. 


A boron content of 0.5°% produces a 
very brittle metal. 

At elevated temperatures, boron up to about 0.50% 
improves the high-temperature strength of 18-8-Cb 
(Cr-Ni-Cb) compositions.*!' These considerations are 
related to earlier studies by Bennek and Schafmeister* 
who showed that about 0.5°7 boron in 18-8 (Cr-Ni) 
stainless steels (0.15 to 0.16% C.) produces precipita- 
tion-hardening effects. As Cornelius** pointed out, 
the boron carbides and an alloy phase, which are formed 
in similar alloys, seriously reduce the effectiveness of 
the austenitizers present. Thus, part of the steel may 
be transformed into ferrite during tempering unless the 
alloy contains an excess of austenite-forming elements. 


Welding Characteristics 


Welding experiences on stainless steels containing up 
to 0.006% boron did not reveal detrimental effects.” 

The effects of boron upon the physical properties of 
the weld metal itself depend somewhat upon the micro- 
structure. Results by Thomas” which demonstrate 
the effects of boron on the tensile properties of fully 
austenitic 19-94 (Cr-Ni-Mn) weld metal are shown in 
Fig. 6. Various amounts of ferroboron had been added 
to the coating of the electrodes. Again, boron severely 
reduced the ductility while raising somewhat the tensile 
strength. Consequently, Thomas concluded that “the 
experiments are disappointing in that the increase in 
tensile strength is not sufficient for the great sacrifice in 
ductility.’ The only beneficial results seem to be the 
appearance of a very fine grain structure and the fact 
that hot cracking could not be observed on the surface 
of the specimens. 

It is likely that weld deposits which are partially 
ferritic may be able to tolerate somewhat larger quan- 
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Fig. 6 Effects of boron on the mechanical properties of 
austenitic stainless weld metal*” 


Bismuth content using bare electrodes, %o— 
Base metal 


Original composition of base and weld metal, 
o 


Table 8—Recovery of Bismuth in the Base and Weld Metal After Are Welding with Bare and Covered Electrodes" 


Bismuth content using covered electrodes, 
Weld metal 


Base metal Weld metal 


— 0 : : plus near weld plus near weld 

Cc Mn Si Cr Ni Bi Weld metal weld metal interface Weld metal weld metal interface 
0.10 0.56 0.65 19 9 0.16 0 Ot 0.05 0 06 0.18 0.05 
0.06 O79 O86 25 12 0.29 0.06 0.06 0.06 0.24 0.06 
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tities of boron without experiencing the severe drop in 


ductility shown in Fig. 6 for fully austenitic weld metal. 
The beneficial effects are probably due to the greater 
grain boundary area in partially ferritic stainless steels 

Campbell,” in welding aero-engine exhaust systems, 
reported that borax and boric-anhydride constituents in 
the flux produced welds exhibiting serious brittleness. 
He found that “these boron-containing elements in- 
fluenced the tendency of butt welds and edge welds to 
crack either immediately following welding, during 
repair or after the pipe section has been allowed to 
stand for several days after welding.”’ 

Similarly, Richardson 
borax, or boric acid, when used on the underside of 


130 


found that fluxes containing 


welds tended to diffuse into the steel and cause the 
formation of a eutectic phase. It did not matter 
whether oxyacetylene or atomic-hydrogen processes 
were used. The eutectic phase could be brought into 
solution by heating above 2300° F. (1260° C.); however, 
since subsequent welding still caused the appearance 
of severe intergranular cracks, the detrimental effects of 
a flux rich in borates could not be removed by heat 
treatments. From these and other results’? it is ap- 
parent that borax, or borie acid, should be excluded 
from electrode coatings. 


CHROMIUM 


General Considerations 


Generally, increasing the chromium content will tend 
to introduce and/or increase the ferrite present in most 
of the austenitic grades. Although chromium acts as a 
ferritizer at high temperatures, at low temperatures it is 
effective in stabilizing austenite. Thus Lincoln and 
Mather* reported that in steels containing between 5.5 
to 7 


chromium content from approximately 18.5 to 21°; 


5% nickel (carbon not given) increasing the 


did not reduce the stability of austenite, but instead 
appeared to have produced a more stable austenite at 
room temperature. The author’s conclusions were 
based on work-hardening and mechanical properties 
However, it may be possible that the increased “stabil- 
ity’’ of austenite may be due to the increased sluggish- 
ness of these alloys (5.5 to 7.5°% Ni) which are higher 


in chromium content 


Welding Characteristics 


Austin and Miller'” when applying magnetic analysis 
to 18-8, 18-12 and 25-12 (Cr-Ni) weld deposits sim- 
ilarly found that, on severe cold working, the 18-12 
grade was capable of forming some ferrite. The higher 
chromium 25-12 (Cr-Ni) alloys remained fully aus- 
tenitic even after the severest cold work 

The effects of varying chromium content upon the 
mechanical properties of 25-20 (Cr-Ni) weld deposits 
were shown in detail by Campbell and Thomas.™ 
The increase in the chromium-nickel ratio, which caused 


the material to have more ferrite, was beneficial in re- 
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ducing microfissuring. Graphical results of the effects 
of chromium, on the mechanical properties of 25-20 
(Cr-Ni) weld metal in the as-welded condition are 
plotted in Fig. 7. The severe decrease in ductility, as 
Linnert and Bloom® observed, may be due to formation 
of sigma from a highly alloved ferrite. 

Chromium recovery in welds made from lime-coated 
electrodes generally is greater than in deposits made 


9 


from titania-coated rods."* Thus, Thomas," dis- 
cussing the merits of such electrodes, stated that core 
wires containing 20% chromium will produce a deposit 
containing 18 to 19.5°7, chromium when a lime coating 
was used, whereas a titania coating will deposit only 
17.5 to 18.5% chromium. Consequently, titania-type 
electrodes must be compensated by a chromium addi- 
tion in the core wire, or the coating 
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Fig. 7 Effect of chromium on the mechanical properties 
of 25-20 (Cr-Ni) weld metal” 


COLUMBIUM 


General Considerations 


Columbium finds its principal use as an alloying 
element added to prevent intergranular precipitation of 


chromium carbides.' Since columbium exhibits a 
greater affinity for carbon than chromium does, colum- 
bium carbides are precipiiated in preference to chro- 
mium carbides. Uncombined columbium, that is, the 
amount of columbium that has not formed carbides, 
effectively acts as a ferrite former. 

Columbium additions have also been suggested to 
produce age-hardening effects in stainless steels; ™ 
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however, commercial development generally seems to 
favor titanium additions to wrought grades. Only in 
the heat-resisting “super-alloys’’ does columbium play 
an important role by promoting age hardening. To a 
considerable extent the preference for titanium may be 
due to the greater efficiency and lower solution tempera- 
tures required by the titanium-bearing age-hardening 
stainless steels. For example, in a steel containing 
0.14% C., 18% Cr, 8% Ni and 2.7% Cb, Wever and 
Peter™ reported that satisfactory aging was obtained 
only after quenching the steel from temperatures above 
2280 to 2370° F. (1250 to 1300° C.). The titanium- 
bearing, age-hardening steel would not require such 
high temperatures. 

Another disadvantage of the columbium-bearing, 
age-hardening steels with over 1% columbium is the 
poor welding characteristics that may be expected from 
these alloys. 


Carbide Stabilization 


The amount of columbium necessary to cause carbide 
stabilization by precipitating columbium carbides will 
depend upon the fabricating or service treatments to 
which the steel is to be exposed. Thus, to obtain com- 
plete immunity from intergranular corrosion most 
authors recommended that the columbium content 
should be at least 10 to 12 times that of the carbon 
content. % 114 143, 188, 197 "The required amount 
may be approximated by an empirical equation de- 
veloped by Binder, Brown and Franks”! for alloys con- 
taining between 16 to 25° Cr and 6.5 to 25% Ni. 


Per cent total columbium = 0.093% + 7.7 (©% carbon 
— 0.013) + 6.6 (© nitrogen — 0.022) (3) 


However, as the authors’' pointed out, complete 
immunity is essential only in steels which will be ex- 
posed at elevated temperatures above 900° F. (480° C.) 
for long periods of time. Consequently, wrought, 
welded and cast sections to be used at lower tempera- 
tures may give satisfactory service when they contain 
a slight excess of carbon. Thus, under these conditions 
a content of columbium 7 to 10 times that of carbon 
is generally sufficient.2* 

According to Rosenberg and Darr® a stabilizing 
heat treatment at 1600° F. (870° C.) of 18-8-Cb 
wrought steels does not seem to affect resistance to in- 
tergranular corrosion, even after exposure in the ‘ 
sitizing”’ temperature range. 


‘sen- 


Other Columbium Compounds 


Although Comstock believed that columbium, 
unlike titanium, does not form an “insoluble” nitride, 
recent work by Binder, Brown and Franks’! suggested 
the formation of a columbium nitride.* Thus nitrogen 


37 
if not all, may go into solution at lower temperatures—-even below the melt- 
ing point of these stainless alloys, that is below 2750° F. (1510° ¢ In that 
case the columbium nitride could be called “soluble.” 


* According to Handbook of Chemistry and Physics, 31st ed., columbium 
nitride (Ct decomposes at 3720° F. (2050° C.) lowever, parts of it 
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in excess of 0.022% will tie up some of the columbium 
and, therefore, has been included by them in Equation 
3. Moreover, as Tyrrell and Southart” pointed out, 
when the effects of excess nitrogen are considered, a 
Cb/C ratio of 7.8 is sufficient for stabilization. 

It should be remembered, however, as Stewart® 
stated, that titanium is a considerably more effective 
nitride-forming element than columbium. Thus, in 
stainless grades of lowest Ti/C ratios, almost all of the 
nitrogen seems to have combined with titanium. In 
the columbium-bearing grades, even of high Cb/C 
ratios, not more than one-half of the nitrogen seems to 
have combined with the columbium. The problem 
now seems to be to find out if, at certain elevated tem- 
peratures, columbium carbides may be precipitated in 
favor of columbium nitrides (see section on nitrogen). 
Moreover, although an excess of uncombined colum- 
bium seems undesirable, an excess of columbium nitrides 
may not be detrimental. 


Effects on Mechanical Properties of Wrought 
Steels 


Columbium also seems to be able to introduce detri- 
mental effects on the mechanical properties and the 
fabricating characteristics of stainless steels. For 
example, Soler'** reported on 18-12 (Cr-Ni) stainless 
steels that a Cb/C ratio above 12:1 results in poor cold- 
piercing characteristics. He believed that this might 
have been caused by the formation of detrimental 
columbium oxides, after the excess carbon had been 
tied up by sufficient columbium. 

It is still debatable whether the actual reason is the 
columbium oxides or the presence of ferrite. How- 
ever, the latter hypotheses finds support in data by 
Pischtschikow, Aleinitschenko and Alferowa*” who 
found in 18-8-Cb (Cr-Ni-Cb) type alloys that by raising 
the nickel content from 11 to 13°7 the rolling difficulties 
could be prevented. 

Although no satisfactory hypothesis has as yet been 
proposed, the important fact is that excessive quantities 
of columbium, beyond what is required to form car- 
bides, are detrimental to the room-temperature forming 
characteristics of the steel. 


Effects in Casting and Weld Deposits 


The presence of free columbium seems particularly 
detrimental in castings and weld deposits. The prob- 
able reason for this might well be ascribed to micro- 
segregation of the columbium atoms. These considera- 
tions were suggested by Norén?’? who conducted 
Jominy tests on weld metal containing 0.089% C, 18° 
Cr, 99% Ni and up to 1% Cb. The Jominy tests were 
made to obtain heating periods characteristic of welding 
operations, Moreover, dissolution of the microsegre- 
gations was prevented by employing very short heating 
periods at 2010° F. (1100° C.) from where the Jominy 
specimens were cooled. Norén found that even at the 
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slow cooling rates obtained in the Jominy test, no car- 
bide precipitation could be observed. The absence of 
precipitations seemed to be the result of microsegrega- 
tions. Since the proportion of chromium is consider- 
ably below normal in the grain boundary regions, the 
carbon content must be higher than 0.08°) to permit 
the precipitation of carbides. These results caused 
Norén to postulate that 18-8 (Cr-Ni) type weld metal 
can be allowed to cool much more slowly than a wrought 
steel of the same analysis. Consequently, castings and 
weld deposits which are not homogenized by subse- 
quent heat treatments at elevated temperatures, may 
be stabilized by smaller additions of columbium than 
are used in the corresponding wrought grades 


The fact that the detrimental segregation of fre 
columbium is more critical in castings and weld de- 
posits has been indicated by various authors. Thus 


Sutton,” in discussing castings, stated that “columbium, 


over that required for complete ‘tying up’ of carbon, 
promotes the formation of an eutectic,* or an inter- 
metallic, compound which is weak, brittle and highly 
susceptible to corrosive attack.”’ He suggested a proper 
Cb/C ratio of slightly over 7/1 instead of the usual 10/1 
recommended for wrought steels. In the light of 


Norén’s observations a Cb/C ratio of 7/1 may be com- 
pletely satisfactory in castings as well as in weld de- 
posits 

Similarly, in weld deposits other investigators also 
caution the “liberal” use of excess columbium 13, 
Thus Campbell,** welding Type 347, reported that 
columbium causes a slight ‘“hot-short”’ condition which 
may result in cracking during cooling tapid cooling 
rates seemed to reduce the susceptibility to cracking. 
Anderson and Roberts” found considerable cross crack- 
(submerged-melt welding) Type 347 
s in. thick. No such 


difficulties were observed with types 304 and 316. 


ing in welding 


stainless-steel] sheets less than 


Severe cracking during are welding of restrained joints 
was reported by Auler'? using '/s-in. Type 347 elec- 
trodes (0.07°, max. C, 19% Cr, 96% Ni and 0.7067, Cb) 
The addition of small quantities of nitrogen (0.05 to 
0.20°7,) is believed'”? to counteract the adverse effects 
of columbium. 


Columbium seems to be particularly detrimental 
when it is deposited in fully austenitic weld metal 
Thus Sykes*'* observed that in welding heavy sections 
it is far more difficult to produce fully austenitic weld 
deposits, free from small interdendritie fissures, than 
to produce welds which contain about 5 to 10% ferrite 
This difficulty applied to 25-20 (Cr-Ni) grades, but was 
most marked in fully austenitic deposits containing 18°; 
chromium, 13°, nickel and the usual amount of colum- 
bium found in stabilized alloys In these alloys crack 
formation could not be prevented by a low-silicon con- 


tent or by the addition of 3°7, manganese 


* The eutectic phase, which can be seen in high 
ht into solution at temperatures « 
prolonged heating at this temperature 

giomeration of the phase and reduce the harmful 
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Similar considerations hold true for castings. ‘Thus, 
in cast 18-8 (Cr-Ni) type alloys containing columbium, 
the optimum nickel content should ordinarily not ex- 
ceed 10%." 
These results support Thomas” 


* who pointed out 
that columbium tends to increase the crack sensitivity 
of austenite, whether fully austenitic as 25-20 (Cr-Ni) 
or partially ferritic as 19-9 (Cr-Ni). Best results (cor- 
rosion resistance and ductility) seem to be obtained by 
a careful balance between the ferrite-forming tendency 
of columbium and additions of nickel. Only when 
ferrite is present in small amounts, does the presence of 
columbium in the weld deposit seem to reduce to some 
However, appreciable 


amounts of ferrite in columbium-bearing steels tend to 


degree the crack sensitivity 


transform, at least partially, into the sigma phase when 
it is heated between 800 and 1600° F. (430 and 870° C.). 
(The actual range will depend upon the over-all com- 
position of the alloy In weld deposits, as in wrought 
steels, the appearance of sigma is accepted as extremely 
detrimental to the ductility.” 

Rozet, Campbell and Thomas” studied the effects of 
carbon and columbium on the mechanical properties of 
15-35 (Cr-Ni) weld deposits. They showed, Fig. 8, that 
below 0.30% carbon the tensile strength is somewhat 
improved by the columbium addition, The elongation, 
on the other hand, is slightly reduced. Fatigue 
strength also seems to be improved by the presence of 


columbium. 


CuRvVE 
' 


COLUM BRM 1.46 
s4- 63 
MANY FISSURES 
Few (0) 

= 


SOUND 


4 


TEMSRE STRENGTH, 


> 


4 


PER CENT 


30 40 
PER CENT CARBON 


Fig 8 Effect of carbon and columbium on the strength 
and ductility of 15-35 (Cr-Ni) weld metal* 
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Corrosion Resistance of Castings and Weld sium chloride if the minimum stress is between 20,000 

Deposits and 30,000 psi. and if the stress-relieving treatment was 
below 1950° F. (1065° C.). Greater stresses may be 
applied when stress-relieving treatments were given at 
higher temperatures. As the authors pointed out, 
stress-corrosion cracking can only occur in an environ- 
ment sufficiently critical, that is, one in which the un- 
stressed areas are cathodic and the stressed areas small 
and anodic. Sometimes the statement is found in the 
literature that stress-corrosion cracking does not occur 
in solutions which do not contain oxygen. This, ,how- 
ever, is erroneous because stress-corrosion cracking of 


Unlike the wrought columbium-bearing stainless 
steels in which particular improvement in the resistance 
to intergranular corrosion is obtained by a stabilizing 
heat treatment at 1600° F. (870° C.), castings and weld 
deposits are affected beneficially. This has been shown 
in corrosion tests on 18-8-Cb weld metal deposited by 
Rosenberg,” and on casting reported by Schoefer."** In 
fact, the latter suggested that, in castings, stabilization 
at 1600° F. (870° C.) might be substituted for quench- 
annealing treatments at 2050° F. (1120° C.), Fig. 9. 

Another type of corrosion in columbium-bearing 18-8 
(Cr-Ni) type alloys has been called “knife-line” by 
Scheil.*'* It occurs in the thin zone of the parent metal 
directly adjacent to thé weld metal after sensitization 
at temperatures between 1100 and 1300° F. (595 and 
705° C.). Scheil believed that the attack, which is 
strictly intergranular, is due to the solubility of the 


stainless steels has been observed to occur either in the 


presence or absence of dissolved oxygen.*** Earlier 

studies by Scheil and co-workers** “ on various types 

of wrought stainless steels seemed to indicate that the 4 
columbium-bearing 347 type was most susceptible to 
corrosion cracking in the majority of solutions tested. 


columbium and the precipitation of chromium carbides Mechanical Properties of Welds 
on sensitizing. If such weldments are heated to stabil- 
izing temperatures above 1400° F. (760° C.), colum- In wrought steels, as well as in weld deposits, colum- 
bium and carbon combine to form stable carbides and bium considerably improves the strength at tempera- 
intergranular attack can be observed by the usual tests. tures up to about 1200° F. (650° C.).2" Similarly, 
Springer, Succop, McKinney and Scheil™, in studying welds that have been exposed for long periods at tem- 
stress corrosion cracking of Type 347 welds, reported peratures near 1200° F. (650° C.) show an improvement 


that such cracking may occur in boiling 42°; magne- in impact strength when the deposit contains colum- 
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Fig. % Effect of a 1600° F. (870° C.) stabilizing heat treatment on the corrosion of CF-10C type cast alloys'™ 


Thielsch—Stainless Steels WELDING RESEARCH SUPPLEMENT 


376-s 


— HEAT 300 C. HEAT 402. 


bium.?! 
cial effects of columbium are generally related to the 


As it is subsequently explained,?" the benefi- 


formation of a fine precipitate of sigma particles. 

At room temperature, as Moses! pointed out, me- 
chanical working such as peening or shrinkage stresses 
caused by contraction of the weld metal may suffice to 
throw the stability of the austenite out of balance and 
cause the formation of ferrite and/or other detrimental 
phases. A post-annealing treatment above 1850° F. 
(1010° C.) followed by rapid cooling may rectify these 
effects. 


Columbium in Welding Electrodes 


Columbium is not oxidized as easily as titanium or 
tantalum and therefore, it lends itself far better to weld- 
ing operations. As reported earlier,’ columbium re- 
covery amounts to 60 to 90%. Moreover, the per- 
centage increases with higher silicon content™ (around 
1% silicon). Because of this columbium-bearing elec- 
trodes are also used to weld those steels which are 


stabilized with titanium or tantalum. For example, 


Gerasimenko and Lapitskaya!” reported satisfactory 
results in welding 18-8-Ti with electrodes contain- 
ing at least 1.3°7% columbium. Similarly, the stainless 
steels, containing less than 0.03°% carbon, are welded 
satisfactorily with these electrodes. In are-welding 
electrodes, columbium is generally added to the coating 
in the form of powdered ferrocolumbium. 

In oxyacetylene welding restricted to thin plates, care 
A slightly 
reducing flame (too much acetylene) may introduce 


has to be taken that the flame is neutral 


earbon into the weld which lowers the stabilizing effect 
of the columbium. An excess of oxygen, according to 
Page,*! will also result in an unsatisfactory weld 
Similarly, in gas welding light-gage stabilized stainless 
grades (less than 0.065 in.), Rich'' reported that welds 
made with a neutral flame bent 180° without cracking 
Carburized welds, on the other hand, cracked in several 
places before reaching a 90° bend, and showed inter- 
granular corrosion 

For the atomic-hydrogen welding of Type 347, Page*! 
recommended the presence of at least 0.50°% of silicon 
for satisfactory welding properties (no filler rod used) 

In comparing the weldability of columbium-bearing 
Type 347 steels with results obtained on the titanium- 
bearing Type 321 grades (using columbium-stabilized 
electrodes) various authors'* 2? commented that al- 
though little difference seems to exist in are welding, gas 
welds on Type 347 are definitely superior. This may 
be caused by changes in the titanium composition in the 
fusion and (possibly) the heat-affected zones of the 
parent metal 

Powder cutting may be employed on columbium- 
bearing stainless steels without apparent injury from 
carbide precipitation. * 

In summarizing, it is evident that columbium effec- 
tively prevents intergranular corrosion. However, the 
element should not be added indiscriminately, as colum- 
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bium is found to enhance cracking in the weld or in the 
fusion zone of heavy sections and restrained joints. 


COLUMBIUM-TANTALUM 


Ordinarily the commercial American ferrocolumbium 
alloys contain about 40% iron, 55% columbium and 5% 
tantalum. Thus the stabilized Type 347 stainless 
steels and weld deposits actually contain about 10 parts 
of tantalum for every 90 parts of columbium. How- 


ever, distinction has usually not been made in com- 
mercial analyses because separate chemical analyses 
for columbium and tantalum require complex proced- 
ures. Instead the combined Cb-Ta content is gener- 
ally reported as “columbium”’ 

As the demand for the commercial 55°% ferrocolum- 
bium alloy has been increasing more rapidly than it 
can be supplied, efforts are being made to substitute 
a more readily available ferro-columbium-tantalum 
alloy in some of the earlier applications for which ferro- 
columbium had been used. The new alloy contains 
about 40% iron, 40% columbium and 20° tantalum. 

Preliminary test results indicate that the new 2:1 Cb/ 
Ta alloy is as effective in strengthening stainless steels 
at elevated temperatures as the earlier 9:1 Cb/Ta 
alloy. In other words, the increase in tantalum seems 
to be as effective in increasing the creep strength of 
Type 347 stainless steel or of similar compositions as 
the amount of columbium for which the tantalum has 
been substituted. 

Tantalum, per se, is not as effective as columbium in 
insuring carbide stabilization and thereby in prevent- 


ing intergranular corrosion 


HYDROGEN 


Effects in Wrought Steel 


Because of considerable difficulties in determining 
the hydrogen content accurately, few studies have been 
made on the effects of hydrogen. However, results 
by the Timken Roller Bearing Company®” indicate 
that in wrought austenitic stainless steels varying hy- 
drogen content has little, if any, influence on the rup- 
ture strength at elevated temperatures, but it does in- 
crease the susceptibility of 18-8 (Cr-Ni) grades to 
intergranular corrosion slightly 


Effects of Welding 


It is quite important that the electrode coating is 
carefully dried in order to prevent an excessive hydrogen 
content in the weld metal 

According to Norén?!? the hydrogen may cause detri- 
mental effects not only in ferritic weld metals but also 
in fully austenitic and in highly austenitic (partially 
ferritic) weld metal. Moreover, any type of electrode 
coating may introduce the hydrogen. This seems 
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especially true with the lime and titania types?'* be- 
cause of greater susceptibility to moisture pickup. 
When electrode coatings have absorbed moisture, dry- 
ing at 300° F. (150° C.) may be advisable. 

The detrimental effect is primanly evidenced by the 
formation of hot cracks. Similar to possible silicate 
and oxide films, the hydrogen is believed*"? to precipi- 
tate in molecular form in the grain boundaries. As 
such, Norén claims that the hydrogen can cause the 
formation of hot cracks along the oxide and silicate 
segregations. 

However, other types of precipitates are also be- 
lieved*'* to enhance the detrimental effects of hydrogen 
absorption. Thus, the combination of molecular hy- 
drogen and carbides in austenitic weld metal of rela- 
tively high-carbon content was believed responsible for 
hot cracks. 

Another harmful effect of hydrogen is revealed?" in 
tensile tests of stainless steels in which the elongation is 
reduced in the same way as it is in welds of unalloyed 
steels. The detrimental effect of hydrogen causes the 
formation of the so-called “‘fish-eyes’’ or ‘‘flakes.”’ 
According to Norén?™ these fish-eyes in austenitic weld 
metal are formed where precipitated carbides, oxides or 
other particles can be found. The fish-eyes appear over 
the whole test specimen as no local contraction can 
occur. 


LEAD 


Lead additions between 0.3 and 1% considerably im- 
prove the machinability of austenitic steels,” although 
it is claimed that the mechanical properties are not 
affected. Because of the extremely low solubility of 
the element in stainless chromium-nickel alloys, lead 
inclusions below 0.005°% lead will form in the primary 
grain boundaries. As such they are extremely detri- 
mental to hot-working operations.*! Moreover, the 
welding of lead-bearing stainless steels would present 
quite a health hazard. 


MANGANESE 
General Considerations 


In many ways the effects of manganese are similar to 
those of nickel, that is, manganese tends to stabilize 
Thus, because of shortages in nickel during 
the war, manganese additions were used as a substitute 
for part of the nickel. 

Although manganese is a carbide former, this role is 
(Similar considera- 
tions hold true for the iron carbide FesC.) The reason 


austenite 


not significant in stainless steels. 


is that chromium and, if present, other elements such 
as columbium, titanium, ete., have a very much greater 
affinity for carbon. 

Corrosion resistance of the austenitic stainless steels 
does not seem to be affected detrimentally by small 
additions of manganese. Franks* reported best re- 
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sults in 65% boiling nitric acid for alloys containing 3°% 
manganese (Cb-stabilized). Moreover, manganese ad- 
ditions up to 2% were found to have no effect on the 
strength, ductility and toughness of 18-8 (Cr-Ni) 
alloys.“ Manganese additions are also made to 
wrought stainless steels to improve their hot-working 
properties. 


Effects of Welding 


In welding, manganese additions seem benefi- 
cial.* ® 8° As such they seem to lower the crack sensi- 
tivity, particularly in the welding of restrained joints. 
For this reason Page*! suggested that the 18-8 (Cr-Ni) 
grades used in atomic-hydrogen or gas welding should 
contain a minimum of 1.25°% manganese. Similarly, 
austenitic are-welding electrodes purchased under 
U.S. Army specification 57-203-3'” are required to con- 
tain 1.6 to 4.75% manganese. The amount of manga- 
nese depends upon the grade. A slight loss of manga- 
nese occurs during welding. 


MOLYBDENUM 
General Considerations 


Molybdenum, a strong ferrite former, tends to shift 
the composition of the metastable austenite. There- 
fore, if a fully austenitic structure is desired, it is neces- 
sary, in many alloys, to add an austenitizer such as 
nickel, carbon, nitrogen or manganese. 


Effects on Corrosion Resistance of Wrought 


Grades 


Molybdenum, generally added in amounts between 
1.5 to 4%, is most effective in increasing resistance to 
corrosion, } 7% %, 44, 51, 97, 143, 158, 232 narticularly in solutions 
containing strong chlorides and sulphuric acid. In ni- 
trie acid solutions, however, molybdenum does not seem 
beneficial. In fact when the molybdenum content 
amounts to more than 4°, the corrosion resistance to 
nitric acid is severely decreased. This is evident from 
results reported by Schoefer'® on 19-9 and 19-12 (Cr- 
Ni) castings which were exposed to boiling acidified 
copper sulphate, and boiling 65°% nitric acid solutions, 
Fig. 10. Molybdenum tends to prevent pit corrosion, 
which is a characteristic result of the action of many 
strong corrodents, containing chlorides and sulphuric 
acid, on various austenitic stainless grades. 16! 

Molybdenum, although it does not stabilize carbides, 
will reduce somewhat susceptibility to intergranular 
corrosion, and thus allow a greater tolerance for carbon. 
Complete immunity is predicted by Binder, Brown and 
Franks’! when their empirical equation yields a positive 
factor: 

(% re + 13.8 [(% chromium) + 


2.5 (% molybdenum) ] — 10 (© nickel) — 276 = 0 (4) 
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Nitrogen did not seem to affect the 18-8-Mo (Cr- 
Ni-Mo) grades. 

The effects of time and temperature can be seen in 
Fig. 11. 

These considerations depend to a large extent on the 
Thus Archer, 


when a “fair 


structural constituents in the steel 


Briggs and Loeb'*! emphasized that 
amount of ferrite is present, the alloy will show at the 
most a slight susceptibility to intergranular corrosion 
when tested in the conventional boiling 10° sulphuric 


acid-10% copper sulphate solution. If the alloy is 
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Fig. 11 Time-temperature-precipitation curve for an 
austenitic 189% chromium—15% nickel—24% molybdenum 
—0.0309% carbon steel 


Tests made in Boiling Acidified Sulphate Solution 
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Effect of molybdenum content on penetration rate as determined by Huey test for quench annealed specimens and 
by Strauss test for sensitized specimens 


fully austenitic, it is susceptible to intergranular corro- 
sion, as shown by this test, even though the carbon is as 
low as 0.04°; 

In standard evaluation tests, the type of testing solu- 
tion is also of considerable importance. Thus, it is 
now generally recognized that the hot nitrie-hydro- 
fluoric acid solution [10°% HNOs and 3% HF at 163° F. 
ia C 


tion (5.70% CuSO, and 15.70, H.SO,) principally attack 


)] and the boiling acidified copper sulphate solu- 


only the areas in which intergranulas precipitation of 
chromium carbides occurred. On the other hand, the 


boiling 65°) nitric acid solution is believed to attack 


both intergranular carbides and an extremely fine pre- 


cipitate thought to be sigma.'* 17% 174 "This is con- 


cluded 


stainless alloys which contain less than 0.01°% carbon 


from observations on molybdenum-bearing 
and yet exhibit unusually high corrosion rates in the 
nitric acid solution.‘74 Apparently the balance in com- 
position is extremely sensitive in this solution 

The susceptibility of the molybdenum-bearing 18-8 
(Cr-Ni 


peratures increases as the carbon content is decreased 


type steels to sigma formation at certain tem- 


That explains why the extra-low carbon type 316 and 
317 stainless steels are particularly susceptible to sigma 
precipitation. Moreover, attack in boiling 659% nitric 


acid seems to attain a maximum rate when the sigma 
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particles are finely distributed in a partially ferritic 
matrix. Coagulation of the sigma phase actually 
tends to reduce again the corrosion rates. Thus direct 
correlation between the amount of sigma and the corro- 
sion rates in 65% boiling nitric acid cannot readily be 
made. 

Henke and Lincoln,?” for example, reported that ex- 
tra-low carbon type 18-8 (Cr-Ni) alloys (<0.02% car- 
bon), containing 1% or more molybdenum (Type 316 
ELC), exhibited severe attack within 2 hr. in boiling 
65° nitric acid after the specimen was heated at 1200° 
F. (650° C.). Heat treatments at 1000° F. (540° C.) 
or at 1400° F. (760° C.) did not seem to affect the cor- 
rosion rates. Similar results were obtained when both 
molybdenum and columbium (Type 317 ELC) were 
present. However, in alloys which did not contain 
molybdenum (Type 304 ELC), an exposure of 24 hr. at 
1200° F. (650° C.) did not affect corrosion rates in 
boiling 65°% nitric acid. When boiling acidified copper 
sulphate solutions were used, the various heat treat- 
ments, even after holding for 1000 hr., did not increase 
the corrosion rates of the three extra-low carbon al- 
loys noticeably. These results suggest that a critical 
size and distribution of sigma can form in the type 316 
ELC and 317 ELC grades on exposure at 1200° F. 
(650° C.). This critical size is susceptible to attack in 
boiling 65°; nitrie acid. At temperatures about 100° 
F. (55° C.) above or below 1200° F. (650° C.), either 
less sigma precipitates or the sigma particles coagulate 
and as such are less sensitive to attack by the boiling 
nitric acid. 

These considerations are also influenced by the alloy 
content of the steel. Thus Binder, Brown and Franks’! 
indicated that with up to 20% molybdenum present in 
the 18-12 (Cr-Ni) grades (0.03°% carbon), although 
they contained some ferrite, they were not affected 
detrimentally by boiling 65°) nitrie acid immersion 
tests and Izod impact tests on specimens heated up to 
100 hr. at 1600° F. (870° C.). Higher molybdenum 
percentages, unless balanced by increases in nickel, 
produced damaging effects. These and similar obser- 
vations by other investigators"! suggest that in molyb- 
denum-bearing stainless steels, containing some ferrite 
in the microstructure, the effects of the quantity and 
the critical dispersion of sigma on corrosion rates in 
boiling 65% nitric acid depead also on the molybdenum 
content. This then may well be the reason why such 
high-corrosion rates in 65°; boiling nitric acid are 
observed in those stainless steels which contain up to 
4°% molybdenum, and are held at temperatures at 
which sigma may form. 

Because of the relatively rapid rates of sigma forma- 
tion exhibited by the extra-low carbon Type 316 steels, 
the control of cooling rates is of considerable impor- 
tance. The insignificant amount of sigma which forms 
in the grain boundaries on rapid cooling does not suffer 
much from attack in the boiling 65°) nitric acid test. 
However, when the cooling rate from 1600° F. (870° C.) 
down to 1000° F. (540° C.) is changed from 10 min. to 
1 hr., the corrosion rates are noticeably increased.?"* 
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So far it is not clear what causes the sharp increase in 
corrosion rates of alloys containing over 4°% molyb- 
denum, Fig. 10. As the data were obtained from speci- 
mens quenched from temperatures above 1800° F. 
(980° C.), which ordinarily is too high for sigma forma- 
tion, another explanation must be sought for these 
grades. Fortunately, commercial grades generally do 
not contain more than 4% molybdenum. The only 
major exception is a 16-25—6 (Cr-Ni-Mo) stainless steel 
which, however, is used for service at high tempera- 
tures?” and not in environments which contain strong 
concentrations of nitric acid. 


Effects on Corrosion Resistance of Castings and 
Weld Deposits 


The amount and the distribution of ferrite, and the 
cooling rates also seem highly important. Thus in weld 
deposits Schaeffler and Thomas’ observed a peak in 
the boiling 65% nitric acid corrosion rates in specimens 
containing about 2% ferrite in the as-welded and stress- 
relieved (1300° F.) (705° C.) conditions, Fig. 12. Only 
in the samples which were both annealed at 1950° F. 
(1065° C.) and sensitized at 1200° F. (650° C.) did cor- 
rosion rates increase with ferrite content. Quench 
annealing at 1950° F. (1065° C.), or stabilizing at 1550° 
F. (845° C.), seemed most beneficial. These results 
led the authors to postulate that when the sigma pre- 
cipitates “are in the grain boundaries, or around con- 
nected ferrite patches, a continuous path is offered for 
the progression of the corrosive attack. If, on the other 
hand, these precipitates occur primarily around the dis- 
continuous ferrite patches, the corrosive attack is much 
less rapid. The stabilizing heat treatment of 1550° F. 
(845° C.) is believed to agglomerate the fine precipitate 
and render it harmless. The metallographic evidence 
is convincing that sigma particles resulting from the 
transformation of ferrite are relatively unattacked by 
nitric acid.” 

Data reported by Schoefer'® on castings of similar 
composition, indicated comparable trends, Fig. 13. 
Thus the alloys quenched from 1400° F. (760° C.) 
showed a maximum corrosion rate at a molybdenum 
content of 2.83°,. These results are somewhat more 
severe than those reported on weld deposits by Schaef- 
fler and Thomas’ in Fig. 12 for their specimens, 
which were stress relieved at 1300° F. (705° C.). Toa 
considerable extent the differences may have been due 
to the higher quenching temperature in addition to the 
fact that 1% of silicon was present in the cast specimens 
whereas the weld deposits contained only about 0.50% 
silicon. Annealing and quenching the castings from 
1600° F. (870° C.) again improved their corrosion re- 
sistance, which was also true in the weld deposits sta- 
bilized at 1550° F. (845° C.). Small differences oc- 
curred in the quench-annealed specimens. In the cast- 
ings corrosion rates increased slightly, although in the 
weld deposits the trend was downward. (Brown, De- 
Long and Myers also showed that molybdenum-bear- 
ing cast steels exhibit an upward trend in corrosion 
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rates with increasing molybdenum content.) Actually 
the disagreements seem insignificant; and may well be 
caused by variations in composition and the use of dif- 
ferent abscissas; that is, ferrite content in the case of 
the weld deposits and per cent molybdenum for the 
castings. 

Binder, discussing boiling nitric acid corrosion tests 
on sand-cast molybdenum-bearing alloys, reported a 
continuous decrease in corrosion rates of as-cast type 
316 and 317 specimens (0.06% carbon) when the nickel 
content is increased from 9 to 14° and 10 to 16%, re- 
spectively. Thus, by decreasing the ferrite, he could 
not observe the peaks reported at 2°) ferrite in the as- 
welded deposits. Moreover, Binder states that in the 
Type 317 specimens showing lower rates of attack than 
the Type 316 alloys, the former (higher in molybdenum) 
contained a greater amount of sigma because of the 
almost complete transformation of ferrite to sigma dur- 
ing cooling in the sand molds. Binder ascribed the lack 
of correlation to differences in cooling rates, in that the 
slowly cooled cast specimens seem to approach the con- 
ditions found in the quenched and sensitized weld de- 
posits. 

The discrepancies between the boiling 65° nitric 
acid tests on the as-cast and as-welded specimens bring 
out the important fact that experimental data on 
wrought and cast alloys may not always be correlated 
to weld deposits. Instead, it should be realized that 
the welding techniques may introduce certain factors, 
which might well change the structural and physical 
properties appreciably without changing the composi- 
tion from that of wrought or cast grades. Heat treat- 
ments, causing homogenization, tend to reduce the dif- 
ferences, 

Felix and Eisermann,'* when investigating the micro- 
structures of cast, forged and annealed specimens 
(0.12% C, 20.679 Cr, 11.54% Ni and 4.11% Mo), 
showed that in the cast state a considerable quantity of 
sigma had formed. In forged specimens annealed at 

2100° F. (1150° C.) about 15°] of the ferrite had trans- 
formed on air cooling into sigma. 

n oil prevented sigma formation. 
mpoftant in that they show the rapid rates of sigma 
formation for these alloys. This is in good agreement 
with the results reported on as-welded specimens by 
Schaeffler and Thomas. 
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However, quenching 
These results are 


Composition of Welding Electrodes 


To offset the ferrite-forming tendency of molyb- 
denum, nickel is generally added. It is not lost during 
welding. Binder, Brown and Franks’! recommended 
that for each 1°) of molybdenum added, the nickel con- 
tent should be increased by 1.70% to maintain an 
austenitic composition. For this reason molybdenum- 
bearing stainless-steel electrodes which are manufac- 
tured in the United States will generally contain 11 to 
15°) nickel. 
denum, because of economic considerations, have a lower 
nickel content which usually varies between 9 to 11°. 


British electrodes containing molyb- 
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A fully austenitic structure, however, may not be 
desirable, particularly in the welding of restrained 
joints. Thus, Sykes’ felt that too much emphasis has 
been laid on the desirability of a purely austenitic struc- 
ture. He reported satisfactory results under ‘drastic 
service conditions” of 18-8 (Cr-Ni) alloys containing 
2.5% molybdenum and up to 0.07% carbon. (It should 
be remembered that the higher percentages of carbon 
will help somewhat in forming more austenite. ) 

It must also be realized that the standard corrosion 
tests are extremely severe and, as such, may give re- 
sults which are not at all representative of the service 
behavior of the steel in corrosive environments. 

Fortunately, most chemieal applications are less 
severe. Thus the susceptibility of molybdenum-bear- 
ing grades (Type 316, ete.) does not mean that the 
columbium- or titanium- stabilized stainless steels with- 
out molybdenum (types 321, 347) would give better 
service. As Schaufus and Braun*! pointed out, the per- 
formance of stabilized electrodes is often over-rated. 
Unstabilized welds made from molybdenum-bearing 
electrodes may give superior service in many corrosive 
environments. Because molybdenum somewhat re- 
tards precipitation of carbides, satisfactory welds may 
be obtained with a carbon content up to 0.07°). Of 
course, the degree of satisfaction depends on test cri- 
For this reason, 
materials exposed for appreciable periods in the sensi- 
tization range should be stabilized. 


terion, or on service requirements. 


Effects of Structure of Wrought Steels, Castings 
and Weld Deposits 


The mechanical properties desired will require addi- 
tional consideration. For example, a combination of 
such properties may necessitate heat treatments pro- 
ducing structural changes undesirable from the point of 
view of corrosion resistance. It is generally recognized 
that small amounts of ferrite seem highly beneficial in 
castings and weld deposits. 
well-dispersed patches of ferrite is credited with mini- 
mizing the crack sensitivity in weld deposits; ™ 
for example, molybdenum-bearing stainless steels have 
been found highly effective in considerably reducing the 
problems encountered in root-bead cracking, particu- 
larly in the welding of restrained joints. © Similarly, 
if the composition of the base metal is such that the 
alloying in the fusion zone produces a fully austenitic 
structure, severe cracking may be evidenced. If, how- 
ever, some ferrite is formed in the austenitic matrix, 
superior properties may be observed. This was pointed 
out by Field, Bloom and Linnert” who obtained satis- 
factory results on welding Hastelloy and Timken 16 
25-6 (Cr-Ni-Mo) with Type 316 welding electrodes. 

The amount of ferrite present does not depend upon 
the composition alone, but may be considerably modi- 
fied by mechanical working particularly at high tem- 
peratures. 
solidification, castings and weld deposits may contain 


As such the presence of 


Because of dendritic (nonhomogeneous) 


10 to 25°% more ferrite than the homogenized wrought 
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material, which may be fully austenitic. For example, 
Ebling and Scheil,’‘ reported that a Type 316 casting 
containing 0.028°% carbon, 18.4°7, chromium, 11.1°% 
nickel and 2.55°%, molybdenum was about 20°, fer- 
ritic. A wrought alloy with 0.02°% carbon, 17.7% 
chromium, 10.7% nickel and 2.6°% molybdenum was 
fully austenitic. Ordinarily, in the 18-8-Mo grades, it 
is not thought that sigma is likely to form directly from 
austenite, but it is believed that sigma transforms from 
ferrite if suitable temperatures exist. Only when 18-8- 
Mo alloys are exposed for long service periods at ele- 
vated temperatures may sigma form directly in aus- 
tenitic structures. Thus Smith, Dulis and 
showed sigma in austenitic alloys (0,08°% C, 17.76° 

Cr, 12.47% Ni, 2.55°7% Mo) heated 3000 hr. at 1100, 
1300 and 1500° F. (595, 705 and 815° C.). The 
greatest quantity occurred at 1500° F. (815° C.),* and 
was estimated to amount to approximately 5% \t 
1100° F. (595° C.) the sigma precipitate was less and 
finely distributed. As such, and in small amounts, 
sigma is believed even slightly beneficial on the short- 
time tensile properties at room or elevated tempera- 
tures. However, creep tests at elevated temperatures 
seem to be affected detrimentally by any quantities of 
sigma 

The agglomeration of sigma, accomplished between 
1300 and 1600° F. (705 and 870° C.), particularly at 
the higher temperatures, is definitely detrimental since 
it lowers ductility at room and elevated tempera- 
tures. 1, 166, 167 (Tt improves, however, corrosion 
resistance to 65°, boiling nitric acid). The effects of 
heat treatments on weld deposits are demonstrated in 
the data of bend'® and impact'™ tests, given in Tables 
9 and 10, respectively. 

These various results, on the 18-8-Mo grades, ac- 
cording to Schaeffler and Thomas,’ suggested emphasis 
of three major factors. First, a small percentage of 
ferrite is desirable to avoid the formation of microfis- 
sures, or hot tears, in the weld metal. Secondly, since 
the corrosion rate in boiling 65%, HNO, is highest for a 
ferrite content between 1 to 4° ys higher percentages of 
ferrite seem desirable. Finally, the higher amounts of 
ferrite may transform into sigma on stress relieving or 


sensitizing at temperatures between 1200 and 1300° F 
(650 and 705° C.). 
even in the as-welded specimens when larger amounts 


In fact, sigma seemed to appear 


of ferrite were present. 

In austenitic 16-13-Mo (Cr-Ni-Mo) steels the pres- 
ence of 3% molybdenum is believed highly beneficial 
on the creep resistance at elevated temperatures.'* Be- 
cause of the lack of substantial amounts of ferrite and a 
chromium content of only 16%, the sigma phase, which 
nevertheless may form,' is finely distributed. 
Thus, this 16-13-3 (Cr-Ni-Mo) composition has be- 
come a popular alloy for high-temperature applica- 
tions." 


* These observations confirmed by Schaeffler*** on weld metal of 
similar composition 
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Table 9—Effects of Heat Treatments on the Bending and Corrosion * Properties of All-Weld-Metal Specimens: 


Stainless Steels 
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Table 10—Weld Impact Results—Charpy Keyhole Notch'”* 


Stress relieved 1200° F., 


Weld type Resttemp., ° F. As-welded, ft.-lb. Annealed, ft.-lb. ft-lb. Stabilized 1500° F., 
Ap. Av. Av. Av. 
316 Room 27.5 34.5 30 31.5 33.5 34 30 32 26 30 29 «8628 
—320 19 14 18 22 22 14 13 13.5 14.5 Il 12.5 


Room 


—320 17.5 19.4 18.5 
Room 7.8 


—320 


Room 


—320 


26 


Welding Electrodes 


Molybdenum-bearing welding electrodes are readily 
adaptable to any welding operation. Moreover, Feild, 
Bloom and Linnert® could find no indication that 
molybdenum, added indirectly to the deposit through 
the flux, produced any difference in properties than 
when added directly through the core wire (25-10 
Cr-Ni). 
trodes contain molybdenum in the core wire, recent 
investigators suggested’ adding all of the molybdenum 
by means of the flux coating. Moreover, as reported 
earlier,! molybdenum recovery in the weld deposit is 
quite efficient (above 90-95% ). 


Thus, although most of the standard elec- 


Welding Processes 


Resistance and flash welding operations are per- 
formed without difficulties on the molybdenum-bearing 
grades. These operations, although they generally 
develop more heat than the other processes, generally 
produce superior mechanical properties across the weld. 
This is due to the fact that many of the disturbing fac- 
tors introduced in are and gas welding are omitted in 


resistance welding where a nonhomogeneous cast struc- 
ture is not produced. Schartf,'®* flash-welding stainless 
turbo-supercharger rings, reported for fully austenitic 
alloys containing 0.08°, max. C, 17-19) Cr, 12-14; 
Ni, 2-2.5°% Mo and 1.5-2° Mn the following mechani- 
cal properties: 


Yield strength, psi. 60,000 
Tensile strength, psi 85,000 
Elongation, ©) in 2 in 15 
Reduction in area, % 11-44 


Fracture occurred in the parent metal. 

These effects exhibited by molybdenum represent a 
characteristic example of how small changes in composi- 
tion may cause considerable variations in the chemical 
and physical properties of weld deposits. An excess of 
molybdenum combined with a high ferrite content in 
the austenite may precipitate sufficient sigma to make 
the alloy unsuitable for many manufacturing applica- 
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tions. Adjustment of the composition to obtain a fully 
austenitic structure will eliminate or, at least, reduce 
the degree of these detrimental effects. However, al- 
though suitable for most of the average industrial re- 
quirements, a fully austenitic structure in the weld may 
still not represent the most favorable state; that is, a 
small amount of ferrite may be desirable when welding 
restrained joints or depositing groovebeads. 


MOLYBDENUM-COLLU MI 


General Considerations 


Although molybdenum increases resistance to corro- 
sion, it is ineffective as a carbide stabilizer. Therefore, 
columbium should also be added when it is necessary to 
produce an alloy highly resistant to corrosion and inter- 
granular precipitation." In nitric acid tests, however, 
erratic results may be obtained'® for reasons discussed 
earlier. 

Both molybdenum and columbium tend to promote 
effectively the formation of ferrite which, on heating 
between 900 to 1650° F. (480 to 900° C.), may trans- 
form into the sigma phase. 
wrought alloys of various chromium-nickel composi- 
tions were developed by Franks, Binder and Bishop.'** 
They showed that certain alloys will precipitate sigma 


Structural diagrams for 


even on air cooling from temperatures between 2010 
and 2100° F. (1100 and 1150° C.), Fig. 14. 
these steels in the temperature range in which sigma 


Reheating 


may form increases the amount of sigma precipitation 
due to the fact that equilibrium conditions are being 
approached. 
shown in Fig. 15 for alloys reheated for 4 hr. at 1600 
F. (870° C.). 
coring, also should show wider ranges than those indi- 
cated by Fig. 14. 
tion size) will be an important variable. 

With similar alloys Bull” pointed out that if a stable 
austenite is desired in an 18-8-Mo-Cb type steel, nickel 
has to be increased to approximately 13 to 14°, when 
molybdenum and columbium are present. The 


This explains the wider sigma region 
Castings and weld deposits, because of 


However, the rate of cooling (sec- 
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Chromium, Per Cant 

Fig. 14 Structural diagram 
for chromium-nickel steels 
containing 1.75 to 2.25% 
molybdenum, a maximum 
of 0.109¢ carbon, and seven 
to fourteen times as much 
columbium as carbon after 
air cooling from 2010 to 2100 

F. (1100 to 1150° 


T 
— 
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Fig. 15 Structural diagram 


for chromium-nickel steels 


containing 1.75 to 2.25% 
molybdenum, a maximum of 
0.109% carbon, and seven to 


fourteen times as much col- 


umbium as carbon after air 
cooling from 2010 to 2100° F. 
(1100 to 1150° C.) and reheat- 
ing 4 hr. at 1600° F. (870° C.) 


and air cooling'™ 


effects of varying the nickel content are shown in Fig 
16. Nickel below 14°) seems to lower impact tough- 
ness severely. The impact values were obtained from 
specimens reheated for 45 min. at the respective tem- 
peratures. However, the author stated in the discus- 
sion that, although hardness values experience a negli- 
gible increase when reheating times are less than 20 
minutes, an appreciable drop in impact toughness can 
be noted even with reheating times as short as 5 min 
Under these conditions they may become quite signifi- 
cant for welding operations. A higher molybdenum 
content (2 to 4%), unless balanced by additional nickel, 


lowered toughness still further. 


Welding Characteristics 


Although a fully austenitic structure seems desirable 
in Cr-Ni alloys containing more than 2°) molybdenum 
and over 0.5% columbium, such a composition may not 
be suitable as electrode material. Thomas’ pointed 
out that Type 317 alloy electrodes stabilized with 
0.50°% columbium produced a weld deposit exhibiting 
hot-shortness. The ductility of the as-welded tensile 
specimen was lowered from 47°) (in 2 in.) on a non- 
columbium-bearing weld metal to 6°; in the same weld 
metal with only 0.50°7 columbium present. Only by re 
ducing the nickel content from 13.5 to 11°% in colum- 
bium-bearing type 316 or 317 weld metal, was Thomas 
able to produce a weld deposit free from hot-short 
cracks. As an explanation he suggested that, in weld- 
ing, the rapid chilling yields dendritic segregation which 
may throw part of the alloy into the sigma phase region 
at a high temperature where its strength is extremely 
low, and thus causes hot-short cracks. By reducing 
the amount of nickel, the initial precipitation of more 
ferrite at the high temperature may decrease the degree 
of segregation and consequently the amount of the sigma 
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Hummitzsch and 
Schmidt!”' stated that a core wire* containing 


phase constituent. Similarly 


Cc 


Cr 
Ni 9 O% 
Mo 2.5% 


Cb 


is highly satisfactory in welding sheets which have 
stainless chromium or chromium-nickel compositions. 


MOLYBDENUM-TUNGSTEN-COLU MBIUM 


Molybdenum and tungsten may be added to stain- 
less steels [particularly 19-9 (Cr-Ni)] used in gas tur- 
bines at elevated temperatures. These alloys, which 
may also be stabilized by columbium or titanium addi- 
tions, are of the age-hardening type. As such, these 
elements improve the stress to rupture life in these 
stainless compositions 

The advantages offered by assembling by welding 
over the handling of large forgings have led to the de- 
velopment of special welding electrodes to match the 
composition of the stainless parent metal. The two 
most commonly used types are known as 19-9 DL and 
19-9 W-Mo.¢ Compositions of their respective weld 


deposits will fall within the ranges reported in Table 11. 
***Fox SAS 4-EHV” electrode manufactured by Gebr. Bohler & Cc 4. 


Austria 
t This electrode is known also as 19-9 WX¢* 
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Fig. 16 The effect of increasing nickel to an 189% chrom- 
ium, 29% molybdenum and 1% columbium steel 
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Table Ll—Weld Metal Compositions Made from 19-9 DL 
and 19-9 W-Mo Stainless-Steel Electrodes * 

19-9 W-Mo 
0.08-0.12 
0.50-1.30 
0.50-0 95 
0.04 max. 


19-9 DL 
0. 28-0 35 
0.75-1.50 
0.50-0 95 
0.04 max. 
0.04 max. 0.04 max. 
18 0-21 0 18 0-21.0 
8.0 -10.0 8.0 -10.0 

1.25-1.75 

0.205 

: 1.2 -1.4 

0.1 0.2 0.1 0.2 


* The table was made up from data given by '*.'"** and from 
correspondence with other electrode manufacturers and users. 


As Schaeffler and Thomas" pointed out, the major 
differences between the two types are in the carbon and 
molybdenum content, which effectively influence the 
amount of ferrite present in the structure. The 19-9 
DL weld deposit contains between a trace to 10°) of 
ferrite, whereas in the 19-9 W-Mo weld metal the fer- 
rite varies between 20 and 30°. Because of the larger 
amount of ferrite, the 19-9 W-Mo weld deposits are less 
crack sensitive. This appears to be the major reason 
for their greater commercial popularity. 

The results of short time tensile tests are given in 
Fig. 17. The values obtained for the weld deposits are 
not significantly lower than the properties of the 19-9 
DL parent metal. However, the higher carbon content 
in the 19-9 DL composition has resulted in somewhat 
higher tensile values than the 19-9 W-Mo grade. On 


120 


the other hand, Schaeffler and Thomas" also showed 
that the ductility of 19-9 DL is correspondingly lower 
than that of the 19-9 W-Mo alloy. 

Tests on welded plate specimens ('/15 and */i¢ in.) at 
various temperatures showed, with few exceptions, that 
failure occurred in the parent metal. Heat treatments, 
at 1650° F. (900° C.) and at 1200° F. (650° C.) after 
welding, had little effect on the tensile properties of the 
welded joints at room, or at elevated temperatures. 

Results of stress-rupture test between 1200 and 1500° 
F. (650 and 815° C.) gave somewhat higher results for 
welds made with 19-9 DL electrodes than for those 
made with 19-9 W-Mo electrodes." This may have 
been caused by the coarser structure, the higher carbon 
and molybdenum content, and the presence of fine, 
highly dispersed sigma in the 19-9 DL alloy. 

Evans™ showed for 19-9 W-Mo compositions that 
stress to rupture values on weld metal, although below 
results obtained on the wrought material, are superior 
to a cast specimen of the same composition, Fig. 18. 


NITROGEN 


General Considerations 


Although all stainless steels contain small amounts of 
nitrogen in the form of impurities, it was not until some 
15 years ago that willful additions of nitrogen were 
made to the austenitic grades. As such, its main func- 
tion has been to act as economical substitute for part of 
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Graph of average values of tensile strengths of welds and weld metals of 19-9 DL and 19-9 W-Mo composition'* 
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Fig. 18 Stress to rupture curves at 1200° F. (650° C.) for 19-9 W-Mo alloy in various forms showing per cent elongations 


the nickel. 
25 to 30 times as effective an austenitizer 

Tofaute and Schottky,” 
approximately 0.25°; 
Thus a steel containing 0.06% C, 23% Cr, 5°% Ni and 
0.26% Ne was found to be almost fully austenitic. 
Another containing 0.10°7) C, 19.78 Cr, 7.6% 


Niand 0.25% Nz» was proved to be completely austenitic 


In this role nitrogen is found to be about 
as nickel 
for example, substituted 


nitrogen for 3 to 6° nickel. 


alloy 
by X-ray diffraction and magnetic tests.° 

The desirability of making small additions of nitrogen 
to certain stainless steels may seem surprising in view 
of the unfavorable role played by nitrogen in the low- 
The differences in charac- 
teristics are due to the fact that, 
nitrogen tends to remain in solution or is kept harmless 


carbon, mild-steel grades. 


in the stainless steels, 
by the formation of nitrides with titanium, columbium 
or other elements 

The solubility of nitrogen in molten chromium-nickel 
alloys at a temperature of 2910° F. (1600° ¢ 
in Fig. 19.%% Chromium increases and nickel reduces 
the solubility of nitrogen 


are shown 


As might be expected, the solubility of nitrogen de- 


creases somewhat with decreases in temperature 


Thus at the melting point of the chromium-nickel alloys 
the solubility of nitrogen is reduced to values about 
0.01% 


At elevated temperatures, nitrogen may also be ab- 


below those shown in Fig. 19. 


sorbed from the atmosphere. However, absorption 
does not become appreciable until the austenitic steels 
are exposed to temperature above 1500° F. (815° C.).?%8 


nickel 


the major stainless grades in 


Since chromium increases and decreases the 
diffusibility of nitrogen, 
the order of their ability to absorb nitrogen are 25-12, 
25-20, 18-8 and 15-35 (Cr-Ni Results of tests on 
25-12 (Cr-Ni) alloys, which show the 
perature, time and heat treatment, 
20). 234 


The austenitizing effects of nitrogen seem to be pri- 


effects of tem- 
re given in Figure 


marily due to.a widening of the area of austenite sta- 
bility. addition, 


tenite in 18-8 (Cr-Ni) type alloys from transforming to 


However, in nitrogen inhibits the aus- 


ferrite on cooling to room temperature 


Effects on Corrosion Resistance 


Nitrogen additions to the straight Cr-Ni stainless 


80, 101, 196 


steels do not seem to lower corrosion resistance 
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fracture® 


Stainless Stee ls 


as severe (if not slightly more 


In fact, several investigators reported that steels al- 
loyed with nitrogen are less susceptible to pitting when 
(1100° C.).* 


Nitrogen is also thought to reduce the 


quenched from 2010° F 
detrimental 
Thus Tofaute!” 


that nitrogen-bearing 


effects of intergranular precipitation 
stated, details, 
stainless grades were immune to intergranular corrosion 


without giving 


without treatments. 
that 
down the rate of precipitation somew hat 
Uhlig'” showed that an 18-8 (Cr-Ni 
0.007°% carbon and 0.2% nitrogen exhibited a definite 


propensity to intergranular corrosion on exposure to @ 


and could be welded postheat 


Rapatz,'** however, felt nitrogen will only slow 


Similarly, 


alloy containing 


nitrie-hydrofluoric acid pickle. However, in a copper 
sulphate-sulphuric acid solution the rate of intergranu- 
lar attack was negligible. These results lead to the con- 


clusion that carbon is much more effective in causing 
In fact, the 


» just 


intergranular corrosion than is nitrogen 
final amount of intergranular precipitation may be 
than if nitrogen had not 
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Fig. 19 Effects of nickel and chromium content upon the 
solubility of nitrogen in molten steel at 2910" F. 
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Fig. 20 Effect of Temperature, Time and Heat Treatment on the Nitrogen 


Pick-up of 25-12 (Cr-Ni) Steel™ 


been present. Consequently, the nitrogen content in 
18-8 (Cr-Ni) stainless steels is of little consequence. 

As Uhlig®** pointed out, the data of a few investiga- 
tors who have suggested that nitrogen may effect inter- 
granular corrosion detrimentally are rather isolated. 
The effects may actually have been caused by elements 
associated with the nitrogen addition, rather than nitro- 
gen alone. The situation is not yet 


bon), the authors” indicated bene- 
- ficial results with increases in the 
nitrogen content up to 0.015%. 
Higher percentages were not tested. 


Effects on Mechanical Properties 


| Additions of nitrogen were found 
by most 
the strength considerably without 
significantly lowering the due- 
tility.2% 5° 9519! The yield point 
and tensile strength of various aus- 
tenitic compositions were increased 
by approximately 7 
spectively, by the addition of 0.10and 
0.15% nitrogen.?°* Examples of 
the mechanical properties of several nitrogen-bearing 
stainless grades are listed in Table 12. As Bennek® 
pointed out, steel No. 4 compares favorably to the 
common silicon-bearing high-temperature steels con- 
taining 25% Cr, 20% Ni and 2% Si. Kiefer and 
Sheridan,!”! who carried these studies further, suggested, 
in a recent publication, that the strength depends upon 


investigators to raise 


75 and 25°%, re- 


clearly understood. At least on ¥ AY T 7 

(Cr-Ni) grades the results show 

that nitrogen is not of practical sig- ° 6 B-Us 

nificance in causing intergranular 5 — 

corrosion.“ Thus, the observa- a 

tions by Pray,’ who reported that = 

increasing the nitrogen content from 250 - | 

0.04 to 0.20°% in 19-9 (Cr-Ni) cast 3 

steels considerably increased the 

susceptibility to intergranular cor- 10 

rosion in the sensitized condition, = 1O-th | | 

may have to be revalued for the a ry 

particular conditions of his alloys 10 

and experimental procedures. 02 06 08 10 12 14 16 
Actually the effeets of nitrogen on Nitrogen, % 

the corrosion resistance will vary Fig. 21 Influence of nitrogen on depth of intergranular penetration in 18% 


with the type of testing solution, 
and will also depend upon the com- 


chromium steels with 0.020 to 0.030% carbon, tested in boiling copper sulphate 
solution after air cooling from 197 


° F. (1075° C.) and heating 100 hr. at 1020° 
F. (550° 


position and the structure. This 
Was pointed out in detail by Binder, 
Brown and Franks” for alloys con- 
taining 18°; chromium, 9 to 12% 
nickel and 0.02 to 0.03% 
Thus, although in a boiling sulphuric 
acid solution about 0.04°% nitrogen 


@ 


| 


carbon. 


> 


T T 7 
09-10% Nickel! | | 
610-11% 
O11-12% 


seems detrimental, higher or lower 
percentages again seem beneficial, 
Fig. 21. Results in boiling 65% 
nitric acid solution are reproduced 
in Fig. 22. It is apparent that in 
these alloys raising the nickel con- 
tent will lower corrosion resistance 
as Was mentioned earlier in the sec- 
In 25-18 (Cr-Ni) Fig. 


Corrosion Rate 
In. Pen. per Mo. (Avg. 5 Pds ) 


© 


tion on carbon. 
compositions (0.030 to 0.035°% car- 
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22 Influence of nitrogen on average corrosion rate in boiling 659% nitric 
ac fa of 189¢ chromium steels with 0.020 to 0.030% carbon, after air cooling from 
(1970° F.) 1075° €. and heating 100 hr. at 1020° F. (550° C.)" 
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Yield Tensile 
Si strength, psi. strength, psi Elongation, % 
54,000 99,500 to 120,000 45 (xX) 
54,000 99,500 to 120,000 5 (xX 
54,000 99,500 to 120,000 40 (xX 
2.0 54,000 107,000 to 128,000 1 (xX) 
50,000 102,700 560 (4+ 
0.35 82,500 125,800 48.2(X) 


Table 12—Effect of Nitrogen on the Mechanical Properties of Wrought Austenitic Stainless Steels 


Steel no Cc Cr Ni N;: Mo 
1s <0.09 20 5.0 0.15 
26 <0.09 20 5.5 0.25 1.2 
3” <0.09 20 6.0 0.25 2.2 
4° <0.09 25 12.0 0.25 
§™ 0.009 19.24 9.68 0.23 
6 0.04 21.7 3.2 0.29 
(<X) L = 5d. 


) in 2 in. 


the total carbon plus nitrogen content, regardless of 


the amount of chromium and nickel present. Their 


results are reported in Fig. 23. Somewhat similar 


though lower values were observed by Gow and 
Harder!*! on 25-12 (Cr-Ni) stainless castings containing 
over 0.28% carbon. Their results on fully austenitic 
alloys (over 0.28% C) indicated that nitrogen is about 
twice as powerful as carbon in increasing yield strength, 
although it is only one-half as effective in reducing 
ductility. 


sufficiently wide range of nitrogen content to give con- 


Their specimens, however, did not cover a 
clusive results. In any case, nitrogen is believed to 
improve the heat resistance of austenitic (25-12) grades; 
151 


and is, for this reason, a useful addition Similarly, 


Samarin!”? reported that a 25-13 (Cr-Ni) alloy contain- 
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Fig. 23 Tensile strength and yield strength vs. carbon and 
nitrogen” 
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ing 0.20 to 0.25°% nitrogen is at least as heat resistant 
as a straight 25-20 (Cr-Ni) steel. 


Solubility in Castings and Weld Deposits 


In castings and weld deposits, as well as in wrought 
grades, there exists a limit to the amount of nitrogen 
which may be present in the austenite. Excessive 
amounts may seriously lower the mechanical proper- 
ties. Thus porous castings were obtained by Samarin, 
Yaskevich and Paisov® whenever the N/Cr ratio be- 
came larger than 0.012. These castings were found 
highly Harder! 
observed some porosity, or sponginess, in 25-12 (Cr-Ni) 
(N/Cr ratio of 


These results may be in agreement with ob- 


sensitive to cracking. Similarly, 
castings containing 0.167% 
0.0067). 
servations by Lee 


tions to 25-12 (Cr-Ni) electrodes seriously increased the 


nitrogen 


106 who reported that nitrogen addi- 


cracking propensities of the weld metal. (Analyses of 
neither the electrodes nor weld deposits were given by 
the author. ) 

Hot-worked (wrought) alloys seem to be less sensi- 
tive to high nitrogen content, near the solubility limit, 
than castings and weld deposits. The differences are 
particularly noticeable in heavy castings and weld de- 
posits which may show gas pockets at a nitrogen content 
below the actual solubility limit of nitrogen. ‘The rea- 
son is due to the fact that dendritic segregation (coring) 
causes nitrogen enrichment in local areas where the 
nitrogen will thén exceed the solubility limit and tend 
to come out by forming gas pockets.** 


Effects of Welding 


If, in welding of nitrogen-bearing grades, intergranu- 
lar precipitation becomes a problem, then special pre- 
cautions have to be taken. As was discussed by 
Rapatz,'** carbide stabilization with titanium is not 
feasible in these steels. As titanium exhibits a greater 
affinity for nitrogen than for carbon, titanium carbides 
can form only after all the nitrogen has been combined 
as titanium nitrides. In this form the nitrogen addition 

However, by adding both 
total 1 to 1.5% 
stabilization may be obtained, because tantalum will 
Such 


as the ordinary 


has lost its practical value 


columbium and tantalum satistactory 


form carbides more readily than nitrides 


stabilized steels are welded as easily 
stabilized Cr-Ni grades 
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Aside from transfer of nitrogen from the electrode to 
the weld deposit, the weld metal can also absorb nitro- 
gen from the adjacent parent metal as well as from the 
atmosphere. Nitrogen absorption from the atmos- 
phere depends primarily upon the thickness and type 
of the electrode coating. The heavier the coating, the 
greater is the amount of slag that is formed on the weld 
and prevents the absorption of nitrogen from the atmos- 
phere. Bischof,?® for example, showed the weld de- 
posit made from an uncoated electrode containing about 
13% chromium and 13°% nickel absorbed 0.29% nitro- 
gen. A coated electrode* of similar composition could 
be expected to absorb only about 0.13% nitrogen. 

Similar observations led Leitner: '** to suggest the 
coating of electrodes with a suitably thin sheath to 
allow for a high nitrogen absorption in the weld. He 
claimed that such weld deposits exhibit high strength 
and good elasticity which make them highly suitable in 
the welding of thick-walled structural parts, particu- 
larly nonaustenitic materials. 

In 25-12 (Cr-Ni) all-weld-metal tension specimens 
containing approximately 0.06 and 0.15°% of nitrogen, 
Schaeffler” felt that, on the basis of 0.252-in. diameter 
tensile tests, the higher nitrogen content did not seem 
to have a deleterious effect on the strength and ductil- 
These observations were made in 


ity measurements. 
spite of the fact that the specimen was high in nitrogen, 
fully austenitic and exhibited fissuring, whereas the test 
bar of low nitrogen content was slightly ferritic and 
_ sound. This latter condition is generally the more de- 
sirable. However, under welding conditions which have 
greater restraint than was present during the welding 
of the 0.252-in. specimens this particular higher nitro- 
gen-bearing composition would undoubtedly have fis- 
sured to such an extent that ductility would have been 
unsatisfactory. 

Table 13 gives the mechanical properties of are- 
welded deposits which were made by Tofaute and 
Schottky” on 6 mm. (0.236 in.) thick plates. If the 
welding electrode contains considerable nitrogen, the 
yield point would be still higher. 


PHOSPHORUS 


General Considerations 


It has been suggested®* that between 0.3 and 0.5% 
phosphorus will reduce the susceptibility of 18-8 (Cr-Ni) 


However, no such effects could be observed by Maurer." 
Moreover, as Riedrich" stated, the presence of a high 
phosphorus content in these alloys will cause consider- 
able difficulties in working and forming operation. * 


Effects of Welding 


Although appreciable amounts of phosphorus seem to 
have only a slight detrimental effect on the tensile 
properties of wrought stainless alloys, cast and weld 
structures are damaged severely. Gayley,'’ for exam- 
ple, observed that wrought 25-20 (Cr-Ni) stainless steels 
containing as much as 0.90°% phosphorus may still 
exhibit high strength (100,000 psi.), elongation and 
normal shear-type failure. The same material used in 
a welding electrode will give a deposit which exhibits rr 
intergranular fissures, hot-short cracks, and which 
shows brittle-type fractures. The tensile strength may 
fall as low as 40,000 psi. is 
In weld deposits, and possibly also in castings, the 
detrimental effects of phosphorus depend to a consider- 
able extent upon the structure of the alloys. Thus dif- 
ferentiation has to be made between structures which 
are fully austenitic and those which contain up to 15% 


ferrite. 

In fully austenitic weld deposits the critical upper 
limit of phosphorus content will depend upon the over- 
all composition of the alloy. Although the upper limit 
seems to lie above 0.030 to 0.035°7, ® in 25-20 (Cr-Ni) 
alloys, in 15-35 (Cr-Ni) steels microfissuring becomes 
noticeable at about 0.028°%." Moreover, the type of 
electrode coatings also seems to exert some influence. 
This was brought out by Campbell and Thomas and 
Linnert and Bloom.* These authors showed that weld 
metal deposited from electrodes coated with titania flux 
are more sensitive than deposits from lime-type elec- 
trodes. Combination lime-titania electrodes seem to 
give intermediate results (Fig. 24). 

Campbell and Thomas®* also pointed out that the 
damaging effects of phosphorus are interdependent with 
those of silicon. They developed an empirical equation 
in which a phosphorus equivalent is obtained. 


P., = P + 0.04 (Si — 0.25) (5) 


The data plotted in Fig. 25 show a characteristic 
falling off in tensile strength when the equivalent value : 
amounts to more than 0.030°%. 


* On the other hand, a stainless steel containing 0.1 


5 50; : 2.5% C, 13-40% 
steels (0.15°) C, 1.5°) Mo) to intergranular corrosion. 6-20% Mn and 0.1-2.5% P is credited with high aad 
se acids.” Moreover, the phosphorus addition is claimed to improve the © 
5 * Core wire diameter per total diameter = 0.68, workability of the alloy.* 
Table 13—Mechanical Properties of Arce-Welded Nitrogen-Bearing Stainless Steels’® 
Vechanical properties of parent 
metal Mechanical properties as-welded 
: Steel Yield Tensile Elongation, Electrode Yield Tensile Elongation, Angle 
‘ Steel composition quenched — strength, strength, L = 5.65, composition strength, strength L = 5.65, of Location of 
4 Cr Ni N: from psi. pse. % Cr Ni Neg pst. psi., Y bend failure 
: 3 0.29 200° F. 82,500 125,800 48 2 is 8 84,300 126,300 42 5 180 Parent metal 
IS 83,500 124,000 37.0 180 Parent metal 
4 0.29 MOF. 81,100 116000 8680 23 4 0.29 89600 118900 310 Parent metal 
5 0.28 2100° F. 79,600 119,700 48.0 is 8 76,500 120,000 40.4 180 =Parent metal 
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all-weld-metal tensile specimens pre- 


pared from ‘/,-in., lime-type elec- 


trodes 


° 


small 
the 


beneficial effects of 


The 


amounts o! territe, 


allowing 
presence of up to 0.20%) phosphorus 


in 20-10 (Cr-Ni) weld deposits, can 


STACNETH, 1000 


Lo 


probably be attributed to the very 


large increase in grain boundary area 


-4 


Lime 


over which the low-melting inter- 


granular phosphide compounds, 


A 


that cause microfissuring, are dis- 


tributed.*” Thus, in partially fer- 


ritie weld deposits about 5 to 7 


| 


times as much phosphorus can be 


CLONGATION in 
° 


CAMPBELL THOMAS 
BLOOM 4 LINNERT 


tolerated as is permissible in fully 


austenitic structures 


The presence of ferrite may ex- 


030 040 


% PHOSPHORUS 


Fig. 24 Comparison of data on the effect of phosphorus upon the tensile prop- 


erties of 25-20 (Cr-Ni) weld metal.” 


The partially ferritic weld deposits obtained from the 
18-8 and even 25-12 (Cr-Ni) type electrodes display far 
greater immunity to the effects of phosphorus than the 
fully austenitic weld deposits. This is evident from 
results by Linnert”” which are shown graphically in 


Fig. 26. The data were obtained from 20-10 (Cr-Ni 


COMBINED EFFECT OF 
PHOSPHORUS & SILICON 


STRENGTH, 1000 PS! 
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Fig. 25 Combined effect of phosphorus and silicon upon 
the tensile properties of 25-20 (Cr-Ni) weld metal* 
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plain why the use of austenitic weld- 
ing wires containing 0.03 to 1.0% 
phosphorus in the coating, or in the 
wire, has been recommended for 

welding nonaustenitic and cast steels. 
This is a patented composition. In view of the earlier 
is doubtful that 


above 0.15°% is for 


discussion it a phosphorus content 


desirable any type of welding. 
When phosphorus-bearing stainless steels are to be 
welded, standard electrodes (0.030°;7, max. P) should be 
Thus, the free-machining alloys (Type 303 FM) 
high in phosphorus and selenium may be welded satis- 
factorily if, as in the sulphur-bearing grades, proper 
Thus, Wilder and Light"? used 


Type 308 electrodes on an alloy containing: 


used 


precautions are taken 


008% 
33% 
98° 


16% 


x 


- PSI 


STRENGTH 


ELONGATION — % IN 2” 


PHOSPHORUS — PER CENT 
Fig. 26 Effect of phosphorus upon the tensile properties 
of partially ferritic 20-10 (Cr-Ni) weld metal™” 
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They indicated that satisfactory results were obtained 
with small welding beads. This should be expected be- 
cause the weld will be partially ferritic. 


SILICON 


General Considerations 


Silicon additions are primarily made to stainless 
steels, particularly castings, which are used at elevated 
temperatures where the presence of several per cent 
silicon in the alloy will improve resistance to oxidation 
and carburization.!” 

Silicon also improves corrosion resistance in certain 
reducing type acid solutions. However, because the 
improvement caused by silicon additions is not as great 
as that obtained from molybdenum additions, the 
molybdenum-t 
ferred. 

As a ferrite former, silicon is about 2 to 3 times as 
effective as chromium. However, because the ferrite 
formed by chromium or molybdenum exhibits superior 
properties to ferrite formed by silicon, the ferrite-form- 


“aring stainless steels are generally pre- 


ing characteristic, of silicon is rarely utilized commer- 
cially. 

However, silicon has proved to be an important addi- 
tion to castings primarily because of its fluxing and oxi- 
dizing action and ability to give the slag a desired vis- 
cosity. 


Effect on Corrosion Resistance of Wrought, Cast 
and Welded Steels 


In a previous review! mention was made that silicon 
reduces susceptibility to intergranular precipitation. 
To a considerable extent, this may be caused by the 
tendency of silicon to lower the ability of carbon to 
diffuse in stainless steels, and, also, because of the pos- 
sible formation of ferrite in many chromium-nickel com- 
positions.®! 

Silicon additions are also credited with reducing pit 


corrosion®"* *"7 and susceptibility to stress-corrosion 
cracking.“ For example, excellent resistance against 
pit corrosion is claimed for the wrought commercial 
Remanit 1990 SS steel manufactured by the Deutsche 
Edelstahlwerke in Germany.*" The alloy has the fol- 
lowing type composition: 


0.10% 
Mn 0 40°, 
Si 2.4% 
Cr is 0% 
Ni 0 5% 
Mo 2 0% 


The presence of at least 10°% of ferrite in the micro- 
structure makes this silicon-bearing composition readily 
weldable.* 

Silicon, as will molybdenum, raises the corrosion 
resistance of austenitic stainless steels in solutions con- 
taining chlorides and sulphuric acid considerably.” 
51, 187 On the other hand, in nitric acid, corrosion rates 
will increase with silicon content.'® ' 1 % Results 
in boiling 65°% nitric acid as reported by several authors 
are given in Fig. 27. The alloys had the basic composi- 
tions shown in Table 13A. 

The reason for the higher corrosion rates of the silicon- 
bearing weld deposit as compared with the castings 
may, at least in part, be caused by the appearance of 
microfissures in arc-welded deposits containing over 
0.60°% silicon (see subsequent discussion). 


Effects on Mechanical Properties of Wrought 


Steels 


The mechanical properties of wrought stainless steels 
ordinarily are not altered by silicon additions. How- 
ever, because silicon strongly promotes formation of 
sigma, steels used at elevated temperatures are generally 
susceptible to formation of the undesirable sigma 
phase.'” 

In 18-8 (Cr-Ni) type alloys the presence of 2 to 3° 
silicon tends to reduce considerably the impact strength 
of steels heated for long periods or repeatedly in the 
temperature range from 1110 to 1650° F. (600 to 900 
C.). In these steels the 2 to 3% 
formation of a considerable quantity of ferrite which 
effectively promotes sigma formation. Dobkin'’* found 
that by increasing the nickel content from 8 to over 
10% the effects of sigma formation could be minimized. 
long exposure periods may nevertheless 
‘ause serious embrittlement in these particular alloys. 

In fully austenitic 25-20 (Cr-Ni) compositions with 
2% silicon, Lincoln'** pointed out that on heating be- 
tween 1000 and 1700° F. (540 and 930° ¢ 
exceeding 100 hr., serious brittleness may develop. 
The embrittlement may be of such severity that the 
slightest movement of the metal results in cracking, 
and attempts to weld it cause further cracking. The 
cracking tendency may be removed by heating the alloy 
to temperatures exceeding 1700° F. (930° C.) 
quently, when alloys and welds of high silicon content, 


silicon causes the 


However, 


for periods 


Conse- 


* Of interest is the fact that the ferrite seems susceptible to the 885° fF 
(475° C.) Embrittlement. Generally this phenomenon is only ascribed 
to the ferritic-c hromium stainless steels. 

‘he possibility that this embrittlement might become critical in chro- 
mium-nickel stainless steels whe en large amounts of ferrite are present, and 
when the alloy is used between 750 and 1000° F. (400 and 540° C_), is gener 
ally ignored. Of course, in the case of the Remanit 1990 SS composition 
this ferrite embrittlement may be particularly severe, because both silicon 
and molybdenum are believed to accentuate the degree of brittleness 


Table ISA 


Investigator Reference Condition oy Mn Cr Ni Ch 
Thomas 185 Weld deposit 0. 04-0 08 03-07 8-9 5 
Schoefer 169, 201 Casting 0.09 Os 19 9 
Brown, DeLong and Myers 160 Casting 0.04-0 10 0609 IS-18.5 9-9. 5 


Union Carbide and Carbon Research 
Laboratories 


Priv. comm Casting 


0.052-0.07 1.97-2.03 17.7-18.2 9.9-10.8 0.61-0.84 
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Fig. 27. Effects of silicon on corrosion resistance of stain- 
less steels in boiling 659% nitric acid 


susceptible to the formation of the sigma phase, are 
used between 1000 and 1700° F. (540 and 930° C.), 
occasional heat treatments above 1900° F. (1040° C.) 
may be highly desirable since they restore a considera- 
ble amount of ductility. However, for complete trans- 
formation of sigma to austenite, heating at tempera- 
tures as high as 2250° F. (1230° C.) may be necessary. 


Effects on Mechanical Properties of Weld Metal 


Whereas cast and wrought silicon-bearing stainless 
steels containing several per cent silicon may show 
highly superior properties, in weld deposits almost all 
of the leading authorities feel that a silicon content 
above 0.50 to 1.0°% is extremely undesirable. The 
actual upper limit on the silicon content depends upon 
the chemical and structural composition of the steel. 

The differences are most obvious in the ductility. 
Thus weld deposits subject to microfissuring may ex- 
hibit severe lowering in elongation and serious cracking 
in bend tests with increasing silicon content, despite the 
fact that impact tests may not reveal a significant re- 


duction in toughness 

Results on weld deposits obtained by Rozet, Camp- 
bell and Thomas” from lime-coated electrodes [15-35 
(Cr-Ni)] are shown in Fig. 28. In the fully austenitic 
compositions containing between 0.16 to 0.25% carbon, 
both the tensile strength and ductility are lowered 
severely when silicon is increased to above 0.60 to 
0.80%. Similar results were reported in other studies 
using lime- or titania-coated arc-welding electrodes 
However, according to Campbell and Thomas,* 25-20 
(Cr-Ni) weld deposits made from lime-type d.-c. coat- 
ings are less sensitive to the addition of silicon than the 
titania-type a.-c., d.-c. coatings. In this respect 
Gayley” claimed that in titania-type coatings a redue- 
tion of titania occurs, which results in a recovery of 
titanium in the weld metal when the silcon content of 
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the deposit approaches 1%. This explanation at pres- 
ent appears to be rather hypothetical, for it seems 
doubtful that a distinction can be made between 
titanium and titania by chemical analysis.*'! The ten- 
sile properties of the deposits were found unsatisfactory 
because of low elongation which Gayley believes is 
caused by the titanium in the weld metal. The weld 
deposits made from lime-coated electrodes seemed to 
be less detrimentally affected. Moreover, the silicon 
recovery in the deposit decreases with increased basicity 
of the coating.” 

Other elements will also influence the detrimental 
effects of excessive quantities of silicon in fully austenitic 
weld metal. The influence of carbon and phosphorus 
Carpenter 


and Jessen®? concluded from face bend tests of 25-20 


on silicon content was mentioned earlier 


(Cr-Ni) weld specimens that silicon above 0.50% in 
conjunction with carbon below 0.12°) will result in 
defective weld deposits, susceptible to serious micro- 
fissuring. Phosphorus above 0.0207 seems to accentu- 
ate the damaging effects of silicon. Although in- 
creasing amounts of phosphorus enhance the crack 
sensitivity caused by silicon, carbon is credited with 
reducing these dangers Rozet, Campbell and 
Thomas” indicated for 15-35 (Cr-Ni) alloys that a sili- 
con content of 1.5°% will require the presence of 0.40% 
carbon. Of course, such high percentages of carbon, 
although possibly rectifying the disadvantages of sili- 
con, are undesirable because of the tendency to form 
carbides and the severe reduction in the ductility of the 
stainless steel. 

As the explanation, it has been suggested by Carpen- 
ter and Jessen®? and seems to be gaining more acceni- 
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Fig. 28 Effect of silicon upon the mechanical properties 
of 15-35 (Cr-Ni) weld metal” 
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ance®* 7"? that these harmful effects of a high silicon 
content are caused by the formation of silicate films 
around the austenite grains. Thus Norén®!? writes 
that such silicate films have been observed in the grain 
boundaries of weld deposits containing excessive quan- 
tities of silicon. In weld deposits with less than 0.75% 
silicon these films have very rarely appeared. There is 
hardly any risk of the formation of intergranular silicate 
films especially when use is made of lime-coated elec- 
trodes, which produce a very low oxygen content in the 
weld metal. 

In austenitic weld deposits the presence of some 
molybdenum and columbium seems to reduce the harm- 
ful effects of excessive silicon content which, as Car- 
penter and Jessen®* explained, may be due to their 
tendency to reduce the grain size considerably, which, 
in turn, decreases the severity of the formation of inter- 
granular silicate films. The amount of molybdenum 
or columbium needed apparently varies with the com- 
position of the alloy. For a 15-35 (Cr-Ni) steel, Kibl- 
gren and Lacy** suggested a Cb/Si ratio of about 8. 
Lower ratios (5 to 6) are recommended for Ni-Cr-Fe 
alloys containing greater amounts of nickel.” Simi- 
larly van der Blink?” reported that it was impossible 
with 25-20 (Cr-Ni) titania-type electrodes containing 
1.5% silicon (in the core wire) to produce crack ‘free 
welds in a crack test weldment. The addition of colum- 
bium or tantalum to the electrode coating gave no 
noticeable improvement. With lime-type coatings on 
the same core wire it was possible to deposit crack-free 
welds only if sufficient columbium was added. 

However, the beneficial effects of columbium on the 
weldability of silicon-bearing stainless electrodes seem 
Thus, Thomas*® and Jessen®® 
cautioned against the use of columbium, because colum- 
bium, when not tied up in the form of columbium car- 


rather isolated. 


bides, is believed to cause crater cracking in weld de- 
posits. Also, other adverse effects of columbium, such 
as its tendency to form sigma as suggested by Linnert 
and Bloom® for 25-20 (Cr-Ni) weld metal, make colum- 
bium additions undesirable. Therefore, though quanti- 
tative data are still lacking, increasing the carbon con- 
tent (or adding molybdenum) may seem a better prac- 
tice in high-silicon stainless weld deposits made from 
lime- or titania-type electrodes than the addition of ex- 
cessive amounts of columbium. 

The main point to keep in mind is that the manner 
in which silicon is introduced into the austenitic com- 
position will determine whether or not it may have 
detrimental effects on the mechanical properties. 
Avery and Wilks!” stated, for example, that silicon 
limitations imposed by titania-coated welding rods 
should not be applied to castings obtained from properly 
melted heats. The authors showed that a26—20 (Cr-Ni) 
casting with 0.14°% carbon and 1.22°7, silicon had an 
elongation of with a 0.30°) carbon content, 
similar castings with up to 2.5% silicon should give 
elongations around 23°;. Moreover, the presence of 
some ferrite (above 5°) may also reduce somewhat the 
crack sensitivity of the otherwise austenitic stainless 
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steels. 7.75 Thus microstructure, though a secondary 
variable, also has to be considered. 

Although some appreciable time is generally required 
before the sigma phase appears at elevated tempera- 
tures, Eakin" believed he had found traces of sigma 
in the nugget formed in spot welding '/i-in. thick Type 
310 silicon-bearing stainless steel of the following com- 
position: 


Cc 0.04% 
Mn 2.04% 
Si 2.12¢ 

Cr ; 24.3% 
Ni : 20.9% 


Because spot welding conditions are unusual, Payson 
and Savage'” suggested that the structures obtained 
by Eakin in the fused zone of the weld may be the result 
of a peritectic reaction and not of sigma formation. 
The possiblity of either structure might be considered 
in resistance welding alloys with a high silicon content. 

When ferrite is present in the weld deposit, a some- 
what higher silicon content can be tolerated than that 
which is permissible in the full austenitic deposits dis- 
cussed so far. The ferrite serves two functions; first, 
it reduces the crack sensitivity of the weld metal and 
secondly, by increasing the total grain boundary area 
over that found in fully austenitic deposits, the continu- 
ity of the silicate film is considerably reduced. 

However, to be on the safe side the A.W.S.-A.S8.T.M. 
welding specifications! '? require weld deposits to 
contain less than 0.75% silicon (0.80°7 max. silicon for 
Type 347 weld metal). 
content corresponds to similar ranges covered by the 
AISI specifications for wrought 
Generally European practice also prefers a silicon con- 
tent below 0.75.2!" 27 Actually, a higher silicon con- 


The upper limit on the silicon 


stainless steels. 


tent may be completely satisfactory if certain factors 
such as the type and composition of the electrode, the 
flux coating, and the corrosive environment of the 
welded section are controlled. Moreover, careful 
welding practice, which minimizes the formation of 
inclusions and of possible silica films, should also reduce 
the detrimental effects of a silicon content above 1°). 
This is born out in the use of special electrodes in the 
welding of silicon-bearing stainless castings. 

Careful consideration of these factors resulted in re- 
cent data which were presented by Zeyen* which give 
the mechanical properties of weld deposits made from 
electrodes containing from 0.66 to 1.46°% silicon. 

Unfortunately, the coating of the arc-welding elec- 
trodes was not reported by Zeyen.* Of importance is 
the fact that the mechanical properties of the resulting 
silicon-bearing weld deposits listed in Table 14 are su- 


* A typical coating of an 18-8 are-welding electrode manufactured in re- 
cent years in Germany may have the following composition :* 


CaO 54.0% 
16.9% 
F 15.3% 
SiO: 7.6% 
MnO 5.9% 
Alkali 3.5% 
FeeOy 0.6% 
0.4% 


It should be noted that no titanium compounds are present 
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perior to those obtained from the standard commer- 
cially produced welding electrodes with titania and 
lime coverings. (See also Fig. 3 and 28). Actually, it 
is estimated*** that weld deposit No. 7, with 1.38% 
silicon, contains 8°% ferrite. This relatively high fer- 
rite content may well explain the satisfactory ductility 
and impact properties of this particular weld metal 
Because these results were obtained under carefully 
controlled welding conditions, commercial practice with 
its many unpredictable variables favors the lower sili- 
con content in electrodes. 

The data in Table 14 should be of interest from 
another viewpoint, in that they indicate that deposits 
made by are welding exhibit greater strength, elonga- 
tion, reduction of area and impact toughness than al- 
most identical welds made by gas welding 


Welding Characteristics 


Whereas excessive quantities of silicon are highly 
detrimental, the presence of a small amount of silicon 
is quite important. As in the case of manganese, small 
amounts of silicon in the electrode produce much better 
slag forming and welding characteristics. Thus silicon 
aids in the fluxing and oxidizing action and decreases 
the oxidation losses of chromium.* * Moreover, sili- 
con helps to give the slag a desired viscosity, similar to 
that produced by fluorides which are objectionable be- 
cause of fumes.‘ Because of these very important con- 
siderations, commercial practice favors a silicon content 
in electrodes between 0.5 and 0.75‘ m.'8 The silicon 
additions are generally made to the electrode coating 
in the form of ferrosilicon 

These considerations are true in arc welding as well 
as in other welding processes. Thus Page,** * in oxy- 
acetylene and atomic-hydrogen welding of columbium 
bearing type 347 and titanium-bearing type 321 stain- 
less steels, found that a minimum of 0.50°% of silicon is 
necessary to produce satisfactory welds (1.25°% manga- 
He believes that these 
elements act favorably by increasing the ease of gas 


nese should also be present 


removal. This is due to their action as deoxidizer and 


slagging elements. 


Welding of Silicon-Bearing Stainless Castings 


Silicon-bearing austenitic stainless compositions find 
considerable application in the form of castings when 
used as parts of pumps, valves, ete. Although ductility 
is not the prime factor of importance here, precautions 
have to be taken whenever such parts are welded. Be- 
cause the standard electrodes which are generally used 
do not contain appreciable amounts of silicon, major 
attention has to be given to the fusion and heat-affected 
zones. Welding specifications often recommend pre- 
liminary and postheat treatments to prevent formation 
of serious cracks. 


* Also in paper by Holland. 
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Table It—Mechanical Properties of Stainless-Steel Welds Made from Electrodes High in Silicon’ 
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Zvegintsev and Sirota® determined the arc-welda- generally recommended. In the electrode compositions 


bility of silicon-bearing stainless steels (cast, forged reported in Table 16, it is apparent that for the higher 
and wrought) of the following composition ranges: silicon ranges a lower nickel content is specified. It is 
; , likely that the upper limits on the nickel content are 
Si 2 3-2.9% necessary to introduce sufficient ferrite into the micro- 
Mn 0.407% structure in order to make the weld deposit essentially 
8s 0.02% free of microfissures. 
0 03% 
Cr 16-23% 
Ni 23-27% SULPHUR 
The two different electrodes (Russian standard) 
which were used contained: General Considerations 


Sulphur is added to stainless steels primarily to give 


Cc Cr Mi them free machining properties. 
0 25 23.5 13.75 
0.07 18 


Effects of Welding 


The results showed that castings could be welded In weld deposits sulphur in residual amounts will be- 


satisfactorily only when they were preheated to 575° F. have in a manner which is similar to phosphorus. How- 
(300° C©.), and cooled slowly. Forged and wrought ever, as was also true with phosphorus and silicon, the 
specimens welded satisfactorily (single layer bead) in effects of sulphur depend to a considerable extent upon 
thin sections without being preheated. However, sec- the structure of the weld deposit. 
tions requiring multilayer welds necessitated prelimi- In fully austenitic weld deposits sulphur, when pres- 
nary heat treatments also. ent in quantities exceeding 0.025°7, appreciably lowers 
Recent German recommendations for the welding of the ductility and tends to cause serious microfissuring, 
silicon-bearing stainless steel castings are summarized which is characteristic of hot shortness.* ® * In fact, 
in Tables 15 and 16. With the exception of alloys used in atomic-hydrogen, Heliare and argon-are welding, 
, at elevated temperatures, preliminary heat treatment where sulphur is not burned out during welding, it is 
’ (prior to welding) may be required, particularly in the particularly important te keep the sulphur content as 


partially ferritie grades. Moreover, postannealing is low as possible, preferably below 0.015°%. 


Table 15—Compositions and Welding Recommendations of German Silicon Bearing Stainless Cast Steels'’’.''’ 


—~Welding recommendations 


Steel - - —Composition, % ~ Electrode 

No.* Application Cc Si Cr Ni Mo classification t Technique 

4138 Corrosion resistance 1.10-1.30 1.0-1.5 28.0-30.0 a 1.8-2.2 4581 Weld while red hot between 
1300 to 1475° F. (700-800 
C.) and cool slowly in fur- 
nace. 

4390 Corrosion resistance 0 30-050 1.0-1.5 26.0-28.0 3545 4772, 4821,4551 Small parts may be welded 


while cold, otherwise weld- 
ing while red hot (1300 
1475° F.) is recommended 
Because of susceptibility to 
intergranular precipitation 
suitable postheat treatment 
may be necessary. 


4312 Corrosion resistance 0 10-020 1.0-2.0 17.5-18.5 8.0-9.0 4301, 4303,4551 Postheat treatment recom- ie 
mended in heavier sections 

4410 Corrosion resistance 0.10-0.20 1.5-2.5 17.5-18.5 9.0-10.0 1.8-2.2 4401, 4581 Postheat treatment recom- 
mended in heavier sections 

4823 High temperature 0 30-0 50 1.0-1.5 260280 3.545 4772, 4821 Small parts may be welded 
while cold, otherwise weld- 


ing while red hot (1300 
1485° F.) is recommended 
Because of susceptibility to 
intergranular precipitation 
suitable postheat  treat- 
ment may be necessary. 


4826 High temperature 0 30-0.50 182.3 21.0-23.0 9.0-10.0 {S28 May be welded cold, no post- 
heat treatment necessary 
4846 High temperature 0.30-0.50 1.8-2.3 25.0-27.0 13.5-14.5 4842 May be welded cold, no post- 
heat treatment necessary 
4848 High temperature 0.30-0.50 1823 24.0-26.0 185-195 $842 May be welded cold, no post- 
heat treatment necessary 
4866 High temperature 040-060 1520 240260 29.5-305 i842, 4866 May be welded cold, no post- 


heat treatment necessary. 


* Classifications of Verein Deutscher Fisenhiittenleute.'"* 
t Classifications of Verein Deutscher Eisenhiittenleute.""' 
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Table 16—Electrodes 


Electrode 
classification * 
4301 
4303 
4401 
1551 
4581 
477% 
4821 
4828 
4842 
4866 


<0.07 
<0.07 
<0.07 
<0.07 
<0.10 
<0.12 
0.15-0 
0.1-0 
0.10-0 
0.40-0 


Recommended for Welding Silicon-Bearing Corrosion-Resisting Stainless Castings’ 


25 
20 
20 
60 


ONS ~ 


1o 


Vo Other 


Composition, 


* Classification of Verein Deutscher Kisenhiittenleute.'™ 


The welding of the free machining grades to which sul- 
phur (0.20 to 0.60% max.) has been purposely added, 
therefore, presents considerable difficulties.''* The 
su'phide particles tend to dissolve at the welding tem- 
peratures and fine gas pockets in the fusion zone and the 
weld deposit result. 

Because of the beneficial effects of ferrite in weld de- 
posits obtained from standard 18-8 (Cr-Ni) electrodes, 
they are recommended in arc- and gas-wel ding applica- 
tions of free-machining steels. Careful technique em- 
ploved by Watkins'* with these electrodes produced 
satisfactorily strong and ductile welds. 

Successful resistance welding may also be accom- 
plished in the free machining of 18-8 (Cr-Ni) grades 
Results by Watkins!” are shown in Table 17 


TANTALUM 


Tantalum, about 15 times the amount of carbon, may 
be added to stainless steels to prevent harmful inter- 
granular precipitation of chromium carbides. In its 
affinity for oxygen tantalum stands between columbium 
and titanium. Thus, in welding, although it is not as 
efficient as columbium, the recovery of tantalum in the 
weld deposit is far superior to that of titanium.' *! 
Its use as an element enhancing age hardening has also 
been suggested.” 


TITANIUM 
General Consideration 


Titanium is generally added to prevent intergranular 
precipitation of chromium carbides. As such its role as 
carbide former is well known. 

Titanium also acts as a vigorous ferrite former. Thus 
18-8 (Cr-Ni) grades with 0.8°7 titanium will show some 
ferrite, although 3°; titanium is claimed to make the 


steel almost fully ferritic.*' When heated to tempera- 
tures near 2400° F. (1315° C.), 18-8 (Cr-Ni) grades 
containing less than 0.8°7% titanium may also develop 
ferrite (delta)."* Subsequent reprecipitation of 
carbides, which occurs on heating at lower tempera- 
tures, will take place preferably in the ferritic patches. 
Such a structure does not seem particularly detrimental 
unless unusually severe corrosive environments are 
encountered.*? 

Titanium additions are used to produce age-harden- 


8, 91, 189 ~However, because aluminum is also 


ing effects 
added, this effect of titanium is discussed in the separate 


section Titanium-Aluminum. 


Carbide Stabilization 


Most authors recommend that at least 5 to 6 times as 


much titanium as carbon should be present 06, 114, tomy 


5, 197 


In severe corrosive environments, the beneficial 
stabilizing effects of titanium are somewhat offset by 
a reduction in corrosion resistance. This is particu- 
larly true in nitrie acid tests where titanium-bearing 
steels exhibited greater chemical attack than grades 
without titanium (quench annealed), or with colum- 
bium. 

The corrosion resistance of titanium-stabilized steels 
which, in service, are heated occasionally into the car- 
bide precipitation (sensitized) range, between 800 and 
1500° F. (430 and 815° C.), is improved by a stabilizing 
heat treatment at about 1600° F. (870° C This 
treatment is not necessary in the columbium-bearing 
grades.1)  % Similarly, the weld and the heat- 
affected zones are improved by such a postheat treat- 
ment.” 

On the other hand, alloys used at high temperatures 
and exposed to strongly corrosive environments should 
not be stabilized, but air cooled after annealing at 
1900° F. (1040° C.). Creep data at 1100° F. (595° C.) 


Table 17—Tests on Resistance-Welded Butt Joints of Free-Machining Stainless Steels'” 


18-8 
Properties Base metal Butt weld 
Tensile strength, psi. 90,000 89,500 
Yield strength, psi 35,5 38,000 
Elongation, % (in 2 in 50.0 
Reduction of area 7 49 0 
Rockwell hardness 7 B-80 
Cold bend 180° 


18-8 S-F 18-8 Se-FM 
Base metal Butt weld Base metal Butt weld 
86,500 81,900 100,000 06,000 
32,760 35,750 33,250 36,500 
55.0 34.5 53.5 0 
58.0 33 0 34.5 
B-80 B-79 7 4-78 
180° 180 . 180 
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’ 
Cr 
0 5 17.5-18.5 9.0-10.0 : 
2 5 17.5-18.5 8. 
0 5 17.5-18.5 10. 0-11.0 1.8-2.2 
l 6 18 5-19. 5 8. 5-9.5 Cb>12xC 
5 19.0-20 9 0-10.0 1.8-2.2 Cb>12xC 
l 6 28 0-30.0 
0 0.5 24 0-26.0 3.5-4.5 
1 3 19. 0-20.0 9 0-10.0 
0.9-8 2 23.0-25.0 19.0-20.0 2.0-2.3 Mn 
1.5 0 24.0-26.0 20 5-30.5 
a 
| 
} 


reported by Miller, Benz and Day® showed a decrease 
in creep resistance of specimens air cooled from 1900° F. 
(1040° C.) and stabilized at 1600° F. (870° C.). Re- 
cent data,'” however, indicate that the the creep prop- 
erties of stabilized grades do not differ significantly from 
the properties of annealed grades. 


Other Titanium Compounds 


Because of the high affinity of nitrogen for titanium, 
stainless steels containing nitrogen are not suitable for 
alloying with titanium, or for welding with titanium- 
bearing electrodes. The insoluble titanium nitrides 
which form tend to separate and to rise to the top of the 
molten metal.” 

Titanium compounds in the form of carbides, but 
possibly also as nitrides or oxides, inhibit grain growth of 
austenite considerably.” 


Mechanical Properties of Welded Steels 


Results of short-time high-temperature tensile tests 
made by Henry and Huber'** on solid and welded 
Type 321 specimens are given in Table 18. (Composi- 
tion of weld deposit was not given.) The results indi- 
cated that although the tensile and yield strengths were 
higher for the weld deposit, the elongation was about 
25° lower. With one exception, all specimens broke 
outside the weld. 


Titanium in Welding Electrodes 


As reported by various authors practically all tita- 
nium in the welding electrodes was lost because of oxida- 
tion," 5% * Nforeover, these welding opera- 
tions even seemed to reduce the titanium content in the 
fusion and possibly the heat-affected zones of the parent 
metal.” ' Beeause of this characteristic, columbium- 
bearing electrodes are generally used in the welding of 
titanium 18-8 (Cr-Ni) grades.'* 2% 5% 56. 9%, 128 

A new welding electrode has now been developed by 
Thomas and Comstock" which allows sufficient recov- 
ery of titanium in the weld metal. This is accomplished 
by adding an element to the electrode which is above 
titanium in the Aluminum 
seems to be highly suitable. Moreover, as the authors 


electromotive — series. 
point out, a definite relation seems to exist among the 
recovery of titanium and the amounts of aluminum in 
the coating and titanium in the coating or core wire or 


both. This may be expressed by an empirical equation: 


R = 6+ 7.2A.+ 1.4427 + 0.442 (6) 


* In helium- and argon-arc welding titanium recovery is nearly 100% 


Table 18—Results of High-Temperature Tensile Tests of 
Ww 


elded 18-8-Ti'** 


Tensile Yield 
Temperature, strength, strength, Elongation Reduction 
af" psi. psi.* in2in.,% of area, % 
Base metal 

7 79,300 29,000 76.0 74.6 

1 

515 60,800 34,000 45.3 66.2 

920 54,900 19,000 40.7 65.5 

1100 30,500 17,000 *28.2 35.4 

1427 17,300 17,000 50.0 58.8 

Approx. 
Welded specimens 

74 79,000 38,000 59.3 74.5 

285 65,000 34,000 35.5 68.6 

445 59,600 34,000 31.2 68.9 

520 59,590 31,000 32.2 62.5 

650 58,700 32,000 31.2 62.5 

750 58,300 28,000 40.0 66.0 

750 56,300 30,000 34.4 65.1 

940 49,500 28,000 30.5 4.6 

1013 48,100 28,000 28.0 53.9 

1100 38,100 23,000 21.9 36.0 


3, 26.5 
1415 19,450 16,000 26.6 61.2 
1493 16,200 13,000 14.1 29.1 
1609 11,700 9,000 16.1 54.8 


* Based on 0.2% offset; no great accuracy is claimed for these 
measurements. 


where FP is the per cent recovery of titanium, regardless 
of its origin, and A, the per cent aluminum in the coating 
based on 100 parts of weld metal. 
perimental electrode and weld deposits are given in 
Table 19. 


The alloy used in the coating is prepared by melting 


Analyses of an ex- 


together the various elements such as titanium, alumi- 
num, nickel, chromium, 
quently the mixture is pulverized to give fine particles 
passing preferably a 60-mesh screen with not more than 


silicon and iron. Subse- 


20° passing a 325-mesh screen. This is then mixed 
with the other coating constituents and sodium silicate 
is used as a binder. 

In stainless grades in which stabilization is not of 
prime importance, the deoxidizing action of titanium 
may prove to be of benefit. 
authors recommend? *! small titanium additions (0.1%) 


For this reason, various 


to most austenitic welding rod compositions because 
they found the deoxidizing and denitriding action highly 
beneficial to the molten pool. Obviously the weld de- 
posits would show a negligible amount of titanium, and 
as such, they cannot be called stabilized. 

In gas and electric-are welding of titanium-bearing 
18-8-grades (0.07% C, 0.53% Si, 18.67% Cr, 9.60% 
Ni, 0.60% Ti) Hafsten®* obtained satisfactory bend 
tests of are-welded deposits, although all gas-welded 


sections failed. As failure occurred in the austenite- 


C Vn Si S P Cr 
Core wire 0.06 1.82 0.0138 0.017 20.80 
Electrode coating 0 35 1 67 


0.064 2.06 1.25 


20 02 


Weld deposits 


Table 19—Analysis of Electrode and Weld Deposit Made from Titanium-Bearing Welding Electrode® 


10.29 0.00 


Ferro- 
manganese 


Calcium 
fluoride 


Calcium 
Ni Ti Al Fe carbonate 
Balance 


1.83 6.5 9.88 4.77 36.5 36.0 2.5 
10 25 0.438 Balance 
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ferrite zone of the parent metal and not in the fusion 
zone, he concluded that oxidation of titanium has to be 
disregarded as a qualified reason. This seems surprising 
Hafsten, how- 
ever, intimated as a possible cause the greater amount 


in view of what has been said earlier. 
of heat produced in gas welding. His microstructures 
indicated that more ferrite formed in the wider heat- 
affected zone of the gas weld than did in the are- 
welded specimens. 

Page" on welding 18—8-Ti sheets with an oxyacetylene 
flame reported that satisfactory welds can be obtained 
No filler rod 


In his tests, carbon pickup was negligible 


with careful control of flame conditions 
was used. 
and the loss of titanium was quite small. However, in 
gas welding titanium-stabilized steels, Dever'’* cau- 
tioned that the steels are susceptible to the formation of 
porosities.* He recommended a flame tip and a lower 
welding speed than that which is generally used in gas 
welding of stainless steels. 

Using oxyacetylene flames as a source of heat, Burch, 
Rustay, Crowell and Jablanski'® obtained satisfactory 
pressure welds on rings 20 in. in diameter with cross 
sections between 1'/s and 4!/2 sq. in 
The 18-8-Ti grades lend themselves well to spot”® and 


63 


other resistance welding techniques However, sev- 


eral authors maintain®* ® that blisters may appear on 
polished surfaces 

Atomic-hydrogen welding with titanium-bearing 
stainless electrodes seem suitable because of negligible 


losses in titanium content However, according 


to Fure,** atomic-hydrogen welding requires caution 


since the titanium tends to produce porosity in the 
reported that at least 0.50°% sili- 


fusion zone. Page" 
con should be present in the stainless steel to obtain 
satisfactory welding properties (no filler rod used 


TITANIUM-ALU MINUM 
General Considerations 


In recent years the addition of titanium to stainless 
steels to produce age-hardening effects has been of con- 
siderable interest. Generally, small quantities of 
aluminum are also added to enhance the effectiveness 
of titanium. 

By adjustment of the composition, age-hardening 
can be accomplished either in a ferritic or in an austen- 
itic matrix. 


Age-Hardening in a Ferritic Matrix 


The most outstanding example is the development 
by Smith, Wyche and Gorr*: *! of the commercial grade 
“Stainless W” containing titanium and alumipum as the 
principal age-hardening elements. A_ typical alloy 
would contain the following constituents: 


* Guitton™? suggested that insolubl 
during the welding process, tend t 
weld-metal pool hese nitride particles 
cause the formation of the porositic 
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07% 
50% 
50% 

Ni 7.0% 
Cr 0% 
Ti 70% 
20% 
The seemingly low percentage of nickel and chro- 
mium aredesigned to make the austenite unstable so that 
it transforms to a low-carbon martensite near room 
temperature. Similar functions are derived from the 
titanium and aluminum additions. As the authors 
pointed out, the precipitation-hardening constituents 
are soluble in austenite and relatively insoluble in fer- 
rite. Precipitation hardening is brought about by re- 
heating the martensite or supersaturated ferrite to a 
moderately elevated temperature [between 500 and 
1050° F. (260 and 565° C.)] 
to have a strength, below 500° F. (260° C 


The aged alloy is claimed 
, comparable 
to fully cold-worked 18-8 (Cr-Ni) austenitic grades, 
The corrosion resistance of “Stainless W,”’ in mildly 
corrosive media, is thought to be equivalent to that of 
the straight 18-8 (Cr-Ni) grades 


Welding Characteristics 


The alloy seems to be readily adaptable to the stand- 
ard resistance and fusion welding techniques, particu 
larly when the weld is solution annealed between 1200 
and 2000° F. (650 and 1095° C 


aging However, because of the ease with which tita- 


and this is followed by 


nium is oxidized, special welding electrodes were used 
containing aluminum in addition to titanium®> (dis- 
cussed also under titanium 

Smith, Wyche and Gorr*®! summarized the results of 
weld tests as follows: 

1. The as-welded strength of joints in solution an- 
nealed sheets and plates is about the same as that of the 
unwelded material 

2 The as-welded strengt h of the joints in aged sheets 
and plates is about 70 to 80% of that of the unwelded 
material 

3. Solution annealing and aging after welding pro- 
duced strengths across the welded joints exceeding 90% 
of the strength of fully aged parent metal 


Welding Electrodes 


Although the special titanium-aluminum bearing 
electrodes seem satisfactory, economic considerations 
have favored the development of a special columbium- 
bearing, age-hardening electrode.'* The composi- 
tion is similar to the wrought “Stainless W”’ grade, ex- 
cept that about 1.5% of columbium is substituted for 
both the titanium and aluminum. Welding experience 
seems to indicate that small beads are superior, probably 
because the heat produced by each subsequent bead can 
Moreover, for best 
results, the interpass temperature should be kept below 


200° F. (95°C 


fully harden each previous deposit 
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t near the surface of the molten 


In comparing columbium stabilized “Stainless W” 
welds with those obtained from titanium-bearing elec- 
trodes, Schaeffler’ reported that, in the columbium- 
bearing deposits both the ductility and strength in- 
crease with the double heat treatment at 1600° F. (870° 
C.), and at 1000°F. (540°C), whereas in the titanium- 
aluminum grade strength is improved but there is a 
decrease in ductility after these heat treatments. 
However, the fully aged titanium-bearing deposits show 
higher tensile values. 


Age-Hardening in an Austenitic Matrix 


Age-hardening effects may also be produced in fully 
austenitic stainless steels. Such alloys are generally 
used for gas turbine applications. Because of their 
service requirements at high temperatures they may 
contain in addition to titanium and aluminum varying 
amounts of silicon, cobalt, tungsten, etc. Bieber and 
Buck,” for example, suggested an alloy having the fol- 
lowing composition: 


0.05-5 0% 
Ni below 45% 
Cr 5-35% 
ri 0.25-2.0% 
Al 0.25-5 0% 
Fe Balance 


They recommend a nickel to “weighted hardness” con- 
tent (Al + 2.3 Ti + Si) of 13-17. 

Disealloy, another common alloy which is used by 
Westinghouse,” contains 


Si 0.7% 
Mo 0% 
Ni 25 % 
Cr 13 % 
Ti 1 8% 
Al 0.2% 


In this type of alloy a low-carbon content is desired 
in order to avoid the “inactivation” of titanium through 
the formation of titanium carbides. 

In this alloy solution annealing is accomplished be- 
tween 1800 and 2200° F. (980 and 1205° C.), although 
best aging properties (finest particle precipitation within 
the “supersaturated” austenite) are obtained after 
heating for 20 hr. at about 1350° F. (730° C.). 

In discussing the weldability of these alloys, Scott 
and Gordon™ stated that they are readily welded with 
the standard austenitic electrodes. Because difficulties 
were experienced in automatic welding of complex 
assemblies, hand-welding methods giving sound joints 
free from cracks and other defects are recommended. 
Although it is not necessary, a solution anneal of the 
welded section is recommended. 


‘elding Difficulties 


Clarke’ commented that in the ferritic and austen- 
itie alloys the titanium additions are difficult to control 
and this results in erratic recovery. Moreover, the 
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amounts of titanium lost from welding operations may 
be sufficient to destroy the precipitation hardenability 
of welded joints. Because of these dangers Clarke’ 
suggested the use of a new copper-bearing stainless 
alloy which does not contain aluminum or titanium. 


TUNGSTEN 


Between 1 and 6% of tungsten is sometimes added to 
stainless steels which find use at elevated temperature. 
Silicon additions to these alloys may also be desirable.!” 
The tungsten addition serves to increase creep resistance 
and also to improve the resistance to intergranular cor- 
rosion. 


VANADIUM 


General Considerations 


Vanadium is effective in promoting ferrite formation 
and is also a strong carbide former. In the role of the 
latter it is added to fully austenitic (high nickel, with 
or without manganese) stainless steels, since it causes 
desirable age-hardening and, as such, is useful in high- 
temperature applications. 

Vanadium additions do not improve the resistance of 
stainless steels to high-temperature oxidation." In 
fact, if the vanadium content exceeds several per cent, 
the oxidation resistance of the steels is considerably re- 


duced.?"' 


Effects on Intergranular Corrosion 


The claim by Schafmeister and Houdremont” that 
18-8 (Cr-Ni) vanadium-bearing stainless steels are not 
susceptible to intergranular corrosion has not been con- 
firmed by other investigators. Thus, according to 
Riedrich and Hoch" vanadium, unlike the other major 
carbide formers, did not prevent intergranularembrittle- 
ment, even when present in amounts up to 25 times the 
carbon content. Only as ferrite former in 18-8 (Cr-Ni) 
grades will vanadium reduce to some degree the suscep- 
tibility to intergranular embrittlement. Arc-welded 
specimens in plates containing 0.09 to 0.130% C, 18% 
Cr, 8 to 14% Ni and 0.76 to 3.01% V showed inter- 
granular embrittlement in the heat-affected zone up 
to 0.40 to 0.60 in. from the weld bead. The embrittle- 
ment became more severe in the fully austenitic (high 
nickel) alloys. Sykes?!’ confirmed these observations 
and stated that he found a severe susceptibility to inter- 
granular corrosion in the following steels: 


¢ Mn Si Cr Ni V 
1'/,-in. bar 0.08 049 OOF 17.38 8.81 0.70 
20 gage sheet 0.10 049 005 1855 9.14 0.57 


ZIRCONIUM 


Although zirconium is recognized™ *! as a carbide 
former and as such should prevent intergranular corro- 
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sion when in an alloy treated at temperatures in the 
carbide precipitation range, it has not vet found applica- 
tion as an alloying element in the standard stainless 
grades and welding rods. Zirconium has also been sug- 
gested as an age-hardening addition.™ 


Ill. Stainless-Steel Electrodes 


General Considerations 


Generally the stainless-steel electrodes have a similar 
or nearly similar composition to that of the stainless 
steel on which it is deposited during the welding opera- 
tion. Moreover, a flux is necessary to protect the 
molten weld metal whenever contaminations may be 
caused by the atmosphere, or by the combusting gases 
when gas-welding operations are used 

In are-welding operations the flux is usually coated 
directly on the core wire of the electrode. Because of 
the great variety of stainless steel types, a correspond- 
ingly large number of core wires must be manufactured 
As this 


is somewhat uneconomical, particularly for the less 


with compositions giving similar type deposits 


common grades, many electrode fabricators add small 
percentages of alloying elements in the form of a fine 
powder to the flux coating of a standard stainless grade 
core wire. For this reason, powdered ferromolyb- 
denum is often used in these flux coatings to add molyb- 
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denum to the weld deposit 

Friedlander® recently suggested the use of a low-car- 
bon steel core wire in the electrode to produce a fully 
stainless weld deposit by the addition of the alloying 
elements through a heavy flux coating. The latter 
should be at least 1.5 times the diameter of the core 
wire and should contain the usual gas- and slag-forming 
elements. 

As example, Friedlander listed an electrode of the 
following composition : 


( 0.09% 
Mn 0.45% 

Si 003° 

P (max 0.04% 

S (max 004% 

Fe Balance 

Coating 

Nic kel 14 . 
Chromium 27.6% 
Ferromolybdenur 1.42% 
Ferromanganest 1% 
Ferrotitanium 6% 
Gas- and slag-forming ingredients 44% 


Weld deposits from such an electrode are claimed to 
contain 


0.06- 0.08% 
Mn 1.2-1.8% 
Si 0.5-1% 

Cr 18-18 5°; 
Ni i0. 3 -10. 6% 
Mo 2.5 — 2.75% 
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and have a tensile strength of 76,000 to 80,000 psi., an 
elongation between 35-45% and Izod impact toughness 
of 68-75 ft.-lb. The corrosion resistance of this deposit 
was equal to that of any 18—S-Mo stainless steel. 

In conclusion Friedlander claimed that with this 
electrode it is possible to use either alternating or direct 
current and a further simplification in the welding 
technique since it is usually possible to touch the parent 
metal or workpiece without freezing. This simplifica- 
tion allows the shortest possible arc, steady welding 
conditions and easy handling of the electrode. The 
electrode burns in crater form, only the periphery of 
which touches the parent metal and acts as an insulator, 
automatically maintaining a short are, while the wire 
core and coating ingredients are shielded from atmos- 
pheric oxygen and nitrogen In this way the best 
conditions are established to prevent loss of chromium. 

Generally, however, it is felt that the greater the 
amount of alloying elements in the electrode coating, 
the less consistent will be the composition of the de- 
posit. Thus the addition of the alloying elements to 
the electrode coating is not good practice 

During the recent war period another process was 
developed by Kelley and Fisher!’ to alleviate shortages 
in stainless electrodes caused by unusually large de- 
mands. Their method consisted of an extrusion process 
for manufacturing electrodes from metal powders. A 
suitable mixture is prepared from metallic powders of 
ferrochrome, nickel, manganese, silicon, iron and starch. 
\fter water has been added, the mixture is cooked, 
mixed mechanically and finally extruded. The result- 
ing electrodes were flexible and gave satisfactory metal 
deposition in the form of a fine spray Moreover, the 
corrosion and mechanical properties compared well with 
those made with the standard electrodes. The major 
disadvantage of these extruded welding rods and the 
reason that the standard wire drawing methods are 


favored seems to be the excessive manufacturing cost. 


Electrode Coatings 


The cellulose-type coatings popular on most of the 
carbon-steel electrodes, cannot be used on stainle ss-steel 
wires, because of the propensity of the weld metal to 
absorb carbon from these coatings Instead, mineral 
coverings are generally applied. Two major classifica- 
tions are fabricated by most manufacturers. These are 

1) lime- and (2) titania-type coatings 

Each electrode manufacturer varies the actual per- 
centages of the mineral compounds used, and the fabri- 
cation process tor coating the electrode Moreover, as 
the secrecy of these formulas is closely guarded, their 
critical review is impossible 

All these coatings contain basic slag-forming minerals 
such as limestone and fluorspar in addition to various 
powdered metallic alloy additions of ferrosilicon, ferro- 
manganese, ete. Bonding is effected by a liquid solu- 
tion such as potassium or sodium silicate 

Che major difference between the coatings depends 


upon the amount of titanium-carrying compounds." 
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In the lime-type coatings the titanium compounds 
amount to less than 8%." For this reason the elec- 
trodes are less oxidizing than the titania types. This 
is important in the transfer of chromium and columbium 
to the weld deposit. Gayley," studying weld metal re- 
covery, pointed out that as the basicity of lime-type 
coatings is increased, the manganese, carbon, chromium 
and vanadium content of the deposit will also increase. 
Silicon recovery, on the other hand, will decrease, 
whereas the recovery of nickel does not seem to be 
affected. Particle size of the powdered ferro-alloy also 
exerts a considerable influence on the recovery of 
manganese, and molybdenum recovery increases with 
decreases in particle size. 

Because the slag which is formed from a lime-type 
electrode is the least fluid, these electrodes are pre- 
ferred for welding vertical and overhead positions. 
Moreover, deposits in fillet welds tend to be less convex 
than if titania-type electrodes had been used.* '* 

When maximum corrosion resistance in severe chemi- 
cal applications is desired, Thomas" finds lime-coated 
electrodes superior to the titania types. 

The titania types, containing over 20°) titanium 
compounds, are more oxidizing and, as such, give a 
smoother, softer welding are which is preferred by less 
experienced welders. Because of the greater losses of 
chromium and columbium, due to oxidation, special 
additions are generally made by the manufacturer to 
the coating or to the core wire.'™ As the slag formed is 
more fluid, 
welding and greater welding speeds may be attained 


is more easily removed in deep groove 


with these electrodes." ™ On flat surfaces there is 
little difference in slag-removing characteristics bet ween 
lime- and titania-type electrodes." 

Since most of the titania-type electrodes now manu- 
factured may be used with either a.-c. or d.-c. welding 
equipment, they have a definite advantage over the 
lime-type coatings which can only be used with direct 
current. Spattering is minimized with the titania 
coatings and the greater are stability which is obtained, 
is particularly beneficial in welding thin gages. 

As Shanahan” pointed out, electrodes must be kept 
dry. Damp coatings tend to crack and drop off during 
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welding, and surface porosities may be caused in weld 
deposits 

Generally, the coatings are applied to the electrodes 
by a dipping or extrusion process.” In either case a 
solid stainless-steel core wire having a composition 
similar to that of the desired weld deposit is used. 
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I. FATIGUE STRENGTH OF DOUBLE-t 
GROOVE WELDED BUTT JOINTS WITH PAR- 
TIAL JOINT PENETRATION IN 7/8-IN. PLATE 


YMMETRICAL double-groove welded butt joints 
with partial joint penetration are illustrated in the 

“Standard Welding Symbols” of the AMERICAN 
WELDING Sociery and their use on the cireum- 
ferential joints of vertical evlindrical storage tanks is 
provided for in the “Standard Rules for Field Welding 
of Steel Storage Tanks” of the American WELDING 
Society. Although such joints are known to be giving 
good service in the girth seams of a few cylindrical 
pressure vessels, neither the A.S.M.E. nor the A.P.L.- 
S.M.E. Pressure Vessel Code has sanctioned their use. 
Logically, the design of a joint should be based on the 
load across the joint per unit of joint length. In 
many structures this load has one value across the ends 
of a plate and another value across the sides. For 
example, it is less across the girth joints of a cylindrical 
pressure vessel than it is across the longitudinal joints. 
Accordingly, if the vessel is riveted there are fewer rivets 
per unit length of circumferential joint than per unit 


This report was prepared by a Sub-Committee on Strength of Butt Welds 
consisting of H. C. Boardman, Chairman, J. E. Bernhardt, L. C. Bibber 
Everett Chapman, Rep. U. 8. Navy Bureau of Ships 


Nore: Lack of time and funds terminated the test program 
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Fatigue Strength of Welded Butt Joints 


® This report constitutes Appendix III to Report No. 3 of the 
Committee on Fatigue Testing (Structural) entitled, **The 
Fatigue Strength of Butt Welds in Ordinary Bridge Steel” 


length of longitudinal joint. However, if the vessel is 
groove-welded, all of the joints are commonly made 
with complete joint penetration welds regardless of their 
relative loads. Is this practice necessary or may a butt 
weld with partial joint penetration be safely used, even 
under conditions conducive to fatigue failure, to carry 
a load less than that assigned to a butt weld with com- 
plete joint penetration in the same plate? 

The tests herein reported were designed to throw light 
on this question. 

All were made of 7/,-in. carbon steel plates 
to A.S.T.M. Specification AZ. The critical section 
in each specimen was 5 in. wide. All welding was done 
manually with E-6010 electrodes. All joints were 
welded with double-U groove welds with zero root open- 
ing and partial joint penetration. The test variables 
were: 

(a) Direction of weld—longitudinal or transverse. 

(b) Joint penetration—nominally or in.* 

(c) Weld reinforeement—-on or off. 

(d) Temperature of specimen during test--room or 

—20° F.. 

The specimens were divided into eleven series, as 

tabulated Table 24 wherein it is shown that two 


* The nominal joint penetration is + in. more than the depth of the 
groove 
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Table 24—Effect of Partial-Joint-Penetration on Fatigue Strength of Symmetrical Double-VEE Groove Welded Butt 
7/s-in. AT Steel Plates 


Joints in 


— Stress cycle, zero-to-tension 
— Generally each recorded value is the average of three tests —— 
Nominal 


PSt ps 


Based on Based on Based on 


Base d on 


joint gross area of 088 area of 
Test penetration, Direction Weld area of weld area of weld 

Series temperature in. of weld* reinforcement plate fracture plate fracture 
A-1 Room /, L On 37,600 28,600 
D-I toom Vl, L Off 41,700 28,600 
B-I Room 1/4 . On 14,300 19,900 8.000 10,800 
D-II Room /, = Off 10,700 19,500 8,400 13,900 
A-II Room 3/16 L On 36,800 26,900 
D-III Room L Off 14,900 30,300 
B-II Room 3/16 ty On 12,400 24,500 6,950 12,000 
D-IV Room 8/16 T Off 9,700 25,500 5,400 13,900 
P-I Room No welding 44,500 29,500 
A-ITI 20° F L On 41,000 
B-III -20° F On 20,000 27,500 

Average as-welded basic series values 33,100 22,500 

s See Column 4(b), Table 5, Report No. 3 


. = longitudinal; T = transverse. 


statically. Individual specimen test results 
are given in Bulletin No. 384, of the Engineering Experi- 


The test 


tested 


3 117 
eed jal ag ment Station of the University of Illinois 


' results, each generally the average from three tests, are 


given in Table 24 


The test results lead to the following observations for 


s-in. A7 specimens of the quality and size tested, with 


and '/,-in. unstress-relieved butt welds with partial 


joint penetration, and zero root opening, when fatigue 


LONGITUDINAL TRANSVERSE 
) FLT 
WEL ‘ weet tested in a nominal zero-to-tension evele: 
DIMENSIONS ARE SHOWN IN FIG. 1 1 


For specimens with * or in. longitudinal 


Figure 10 


welds tested at room temperature on a zero-to-tension 


cycle, the fatigue strength compared as follows with 


series, A-III and B-III, with '/4-in. nominal joint pene- 
tration and with reinforcement on were tested at —20 
F., A-III with the weld longitudinal and B-IIT with the 
weld transverse; that one series, P-I, had no welding 
and was tested at room temperature; that four series, 
A-II, D-III, B-II and D-IV, with 


penetration were tested at room temperature, A-II with 


NOMinal joint 


the weld longitudinal and the reinforcement on, D-III 
with the weld longitudinal and the reinforcement off, 
B-II with the weld transverse and the reinforcement on 
and D-IV with the weld transverse and the reinforce 
ment off; and that four series, A-I, D-I, B-I, and D-II 
had '/,-in. nominal joint penetration but otherwise ex 
actly paralleled series A-II, D-III, B-II and D-IV, re- 
spectively. Figure 10 gives the general details of the 
specimens. 

Figures 11 and 12 show the details of the welding 
grooves and of the welding for the joints with * y».- and 
1/,-in. nominal joint penetrations, respectively 

Each specimen was tested in fatigue on a eyele in 
which the nominal stress varied from zero-to-tension 
Arbitrarily, but reasonably, as shown in Report No. 2, 
values of Fyo0.000 Were calculated from all tests for which 
N was less than 600,000 and values of F’s,900.000 were cal- 
culated from all tests for which N was greater than 
300,000. 

In Series B-III three fatigue test specimens were 
tested; in each of the other series five fatigue test speci- 


mens were tested. Several additional specimens were 
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that of the plain unwelded plate: with reinforcement 
on, not less than 80 per cent; with reinforcement re- 
moved, not less than 93 per cent 


2. For specimens with 01 


, in. transverse welds, 
removal of weld reinforcement caused either no gain 
or a loss, in fatigue strength; hence should be avoided 


WELDING GROOVE WELD LAYERS 
! 
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« + t 
AYE AN 6 RODES 
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Figure 11 
WELDING GROOVE WELL AYERS 
© 
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PENETRATION 


Figure 12 
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fatigue strength when tested at —20° F. was slightly 
greater than when tested at room temperature. 


3. For specimens with */,6 in. transverse welds, (a) Although the nominal stress cycle was zero to 
tested at room temperature with weld reinforcement on, tension, the actual cycle was unknown, due to 
the fatigue strength lay between 24 and 28 per cent of residual welding stresses. 
that of the plain unwelded plate; for specimens with (b) No tests of stress-relieved specimens were made. 
*/« in. transverse welds, between 27 and 32 per cent. (c) No complete reversal fatigue tests were made. 

4. For specimens with either '/, in. transverse or (d) No tests were made on specimens with nearly 
', in. longitudinal welds, with the reinforcement on, the but not quite complete joint penetration. 


. No general conclusions about the fatigue strength of Nore: The test results included in this report are 
double-groove welded butt joints with partial joint taken from the University of Illinois, Engineering Ex- 
penetration should be drawn from these tests because: periment Station Bulletin No. 384. 
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Fig. 14 Single-Vee longitudinal groove butt weld connecting '/.-in. A-7 steel 


plates 
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Hl. FATIGUE TESTS OF 
SINGLE-VEE GROOVE 
WELDED BUTT JOINTS, 
WELDED FROM BOTH SIDES, 

IN 1/2-IN. PLATE 


There has been much speculation 
about the effect of such factors as 
thickness, type of electrode and 
stress relieving on the fatigue 
strength of groove welded butt 
joints, welded from both sides. The 
tests herein reported were designed 
to get information along this line. 

All specimens were made of »-in. 
carbon steel plate to A.S.T.M. Speci- 
fication A7. The critical section in 
each specimen was 3 in. wide. All 
welding was done with E-6010 or 
£-6012 electrodes. All welded joints 
were of the single-vee groove type, 
welded from both sides. The test 
variables were: 


(a) Direction of weld——longi- 
tudinal or transverse 

(b) Weld reinforcement——on or 
off. 

(c) Type of electrode——E6010 
or £6012. 

(d) Stress relieving—mechanical, 

high temperature or low 

temperature. 


The test specimens constituted 
two groups. The Group I tests 
were planned to determine the 
effects of stress relieving and of 
change of electrode on the fatigue 
strength of specimens with trans- 
verse welds and reinforcement off. 
The Group II tests were planned to 
determine the effects of mechanical 
stress relieving, high-temperature 
stress relieving and low-temperature 
stress relieving on the fatigue 
strength of longitudinally welded 
specimens some with reinforce- 
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ment on and others with reinforcement removed 

The welded specimens were divided into twelve 
series, four (F-I, F-I11, H-I, H-IT) in Group I and eight 
(G-I, G-II, G-III, G-IV, G-V, G-VI, H-III, H-IV) 
in Group II. Also in Group I was a series of unwelded 
plates which were tested in fatigue with the mill scale 
on and in Group II were eight welded static test speci- 
mens, one for each series of fatigue test specimens 
Each static test specimen and its corresponding series 
of fatigue test specimens, were of the same size and 
shape, and were similarly welded, stress relieved and 
otherwise treated prior to testing. Figures 13 and 14 
describe the fatigue test specimens and welding pro- 
cedures for Group I and Group II, respectively 

Each fatigue specimen was tested in a zero-to-tension 
stress cycle. Arbitrarily, but reasonably, as shown in 
Report No. 2, values of Fyoo.o were calculated from all 
tests for which N was less than 600,000 and values of 
F's 9 00 Were calculated from all tests for which N was 
greater than 300,000 

In general, six or seven specimens were fatigue tested 
in each series in Groups Land I]. Individual specimen 
tests are given in Bulletin No. 384 of the Engineering 
Experiment Station of the University of Illinois. The 
test results for Groups I and IT are given in tables 25 and 
26, respectively. 

High-temperature stress relieving consisted of heating 


the specimen slowly in a furnace to 1150° F., holding 
at 1150° F. for 30 minutes, and cooling to 300° F. be- 
fore opening the furnace. For the specimens of series 
H-II and F-III of Group I, and Series G-II of Group IT, 
oxygen cutting to the approximate final shape preceded 
stress relieving and all other fabricating operations 
followed stress relieving. For the specimens of Series 
G-V of Group II, the sequence of operations Was: re- 
moval of reinforcement, oxygen cutting to approximate 
final shape, stress relieving and finish machining 

Low-temperature stress relieving Was done on each 
as-welded specimen of series H-III and H-IV of Group 
II when the specimen was roughly a rectangle 7 in. 
wide and 32 in. long. After the stress relieving, each 
specimen was saw-cut to the approximate final shape, 
then finish machined and, lastly, for the H-IV series 
only, the reinforcement was removed. 

Low-temperature stress relieving Was done by pro 
gressively and symmetrically heating and cooling both 
of the longer edges of the rectangular specimen by 
means of a pair of 2-in. wide torch flames, 5 in. apart 
on centers, moving lengthwise of the specimen at about 
20 in. per minute, and followed 6 in. back by an air- 
The intensity of the flames and their 


Water spray 
travel speed were so regulated that the maximum tem- 
perature of the metal was about 499° F 


Mechanical stress relieving was done on each as- 


Table 25—Effects of High-Temperature Stress Relieving and Type of Electrode on Fatigue Strength of Transverse Single- 
VEE Groove Welded Butt Joints Connecting ‘/.-in. A7 Steel Plates—Group | 


Stress cycle, zero-to-tension 
Series No. Description of Specimen F ) psi F, ps K 
Reinforcement and mill seale off E6010 electrode 35,600 28 900 0.07 
Not stress-relieved 
teinforcement and mill seale off. E6010 electrods 39,300 29,1004 0.10 
Stress-relieved by high-temperature method 
- Plain -in. A7 steel plate mill scale on 49,100 $4,700 + 0.10 
H-I Reinforcement and mill seale off, E6012 electrode 38, 100 26,500 + 0.12 
Not stress-relieved 
H-II Reinforcement and mill seale off, E6012 electrode $6,800 31,200 0 


Stress-relieved by high-temperature method 


Table 26—Effect of Stress Relieving on Fatigue Strength of Longitudinal Single-VEE Groove Welded Butt Joints Con- 
necting | .-in. A7 Steel Plates—Group II 


With One Exception, Each Fatigue Value is the Average of Three or More Tests; Each Statice Value is for One Test Only 


Stress Cycle, zero-to-tension 


Fatigue Strength 


teinforceme 


Reinforceme 


Series Stress-relicving F 
Vo. method Psi. 

G-I None 38,500 100.0 24 

G-Il High temperature 10,300 104.8 26,100 

G-III Mechanical 39,900 103.7 27, 

H-I1I Low temperature 19,900 129.6 28,200 

G-I\ None 410,300 100.0 25 

G-V High temperature 18.300 O80 32.600 

G-VI Mechanical $4,500 90 .2 500 

H-I\ Low temperature 16,300 93.8 32,700 
Average, Reinforcement On 

GI, G-IV None 100.0 

G-\ High temperature 101.4 

G-VI Mechanical 97.0 

H-IV Low temperature 111.7 


Psi 


{rerage 
I 
and Static Strength 
F 2.000.000, Yield point ltimate 
% Psi. Psi 
‘nt On 
100.0 100.0 43,700 100.0 64,500 100.0 
107.4 106.1 40,100 91.7 61,000 04.9 
114.0 108.9 15,400 103.9 64,800 100.8 
116.0 122.8 43,000 98.4 65,500 101.9 
nt OF 
100.0 100.0 $2,600 100.0 63,800 100.0 
128.8 113.4 37,400 87.8 59,700 93.7 
24.5 107.4 15,100 105.9 66,600 104.4 
129.1 111.4 40,800 95.8 62,700 98 3 
and Reinforcement Off 
100.0 100.0 100.0 100.0 
118.1 1098 SUS 04.5 
110.3 108.2 104.9 102.6 
122.5 117.1 97 .1 100.1 
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Table 27—Fatigue Strength of Transverse Groove Welded Butt Joints in Plates of Various Thicknesses. Reinforcement 
Machined Off 


Plate 


thickness, 


—Reference— 
Table 
5 
9 
10 
Ss 
Series F-I 
Series F-III 
Series H-I 
Series 


Fatigue 
strength in pst. 
(stress cycle 
Stress Weld rein- 0-to-tension, 
Type of weld relieved forcement F 2,000.00 
Single-V No Off 
Single-U Yes Off 
Single-U No Off 
Single-U No Off 
Single-V No Off 
Single-V Yes Off 29,100 
Single-V No Off 26,500 
Single-V Yes Off 31,200 


welded specimen of series G-III and G-VI of Group II 
while the specimen was roughly a rectangle 7 in. wide 
and 32 in. long. After the stress relieving each speci- 
men Was saw-cut to the approximate final shape, then 
finish machined, and, lastly, for the G-VI Series only, 
the reinforcement was removed. 

Mechanical stress relieving consisted of pulling the 
specimen in tension to a plastic elongation of 0.009 in. 
per inch. 

Table 27 compares the fatigue strength of the Group 
I welded specimens and the fatigue strengths of * , 
and 7 ,-in. specimens as recorded in Bulletins No. 310 
and No. 327 of the Engineering Experiment Station of 
the University of Illinois. 

The test results, as recorded in Tables 25 and 26 lead 
to the following observations for '/»-in. A7 specimens, 
of the quality and size tested, with single-vee groove 
welded butt joints, welded from both sides, with com- 


plete joint penetration, when fatigue tested in a zero-to- 


tension stress cycle at room temperature. 

1. For specimens having transverse welds with the 
reinforcement and mill scale off (Table 25): 

(a) The fatigue strength was from 73 to 90 per cent 
of that of a plain unwelded plate with mill seale on. 

(b) The effect of the high-temperature stress reliev- 
ing was to either increase or decrease the fatigue 
strength to a negligible degree. 

(c) The differences in fatigue strength between 
specimens welded with E-6010 electrodes and those 
welded with E-6012 electrodes, were in both directions 
and negligible in degree. 

2. For specimens having longitudinal welds (Table 
26): 

(a) Vor specimens with reinforcement on, high tem- 
perature or mechanical stress relief increased the 
fatigue strength from 4 to 14 per cent; low temperature 
stress relief increased it from 16 to 30 per cent. 


(b) For specimens with reinforcement off, the three 
methods of stress relief all reduced the fatigue strength 
at 100,000 cycles by 2 to 10 per cent; but increased the 
fatigue strength at 2,000,000 cycles by 24 to 29 per cent; 
high temperature was by a slight margin the best of the 
three methods. 

(c) Both types of thermal stress relief reduced the 
static tensile strength in varying proportions up to 6 per 
cent and the static yield point up to 12 per cent; me- 
chanical stress relief increased both static properties in 
varying proportions up to 6 per cent. 

(d) No dependable and worth-while advantage was 
established by these experiments, for any type of stress 
relief of longitudinal joints. 

(e) The fatigue strength of the non-stress-relieved 
specimens with reinforeement on was from 82 to 86 per 
cent of that of the plain unwelded plate reported in 
Table 24; for the non-stress-relieved specimens with 
reinforcement off, these ratios were 86 to 111 per cent 
These findings compare well with those for partial- 
joint-penetration longitudinal welds; see Observation 1 
under that topic, above. 

From Table 27 it may be concluded that, within the 
range of specimen thickness and corresponding critical 
widtas represented therein, namely, ' » x 3 in. to 7 5 x 
5 in., the fatigue strength at room temperature, in a 
zero-to-tension cycle, of specimens having transverse 
groove welded butt joints, welded from both sides, and 
complete joint penetration, with the weld reinforce- 
ments off, whether stress relieved or not stress relieved, 
is practically independent of thickness. From this it 
may reasonably be inferred, but not certainly known, 
that, in general, for double-groove welded butt joints 
welded from both sides, the fatigue strength on a zero-to- 
tension stress cycle, is not sensitive to changes in thick- 
ness. A parallel inference may be drawn with reference 
to plain (unwelded) specimens. 


Fatique Butt Welded Joints 
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Note smooth weid surfaces. 
Practically no finishing 
needed before painting 


No wonder they use ANACONDA 997 Low Fuming Bronze Welding Rod! 


When you figure cost-per-joint, finished and ready to, paint 
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you can't beat ANACONDA 997 Low Fuming Bronze Welding 
Rod. That's why the Metal Office Furniture Company, Grand 
Rapids, Mich.,. uses only “997” in braze-welding thei 


STEELCASE” turniture assemblies 


Used with an acetylene torch and vapor flux, the bronze 
readily tins the steel, feathers out nicely to form flat beads or 
smoothly rounded fillets. Every joint is dependably strong 
ind ready for painting with practically no finishing. With 


vapor fluxing there’s no excess flux to remove 


fhe low-fuming characteristics of ANACONDA 997 Welding 
Rod permit faster welds and clean finished work. Insist that 
your supplier furnish vou with genuine AN\CONDA 997 Rod 
If he can’t, tell us. Please address The American Brass Com 
pany, Waterbury 20, Connecticut. In Car 


American Brass Ltd., New Toronto, Ont 


BRONZE WELDING RODS 
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Total welding time, 25 ‘ 
chair, less than minute per weld. Cour 
Office Furniture Company, Grand Rapids, Mich., and Pur 
( nder Gases, lnc.. Grand Rapids, an ANACONDA Weldu 
Rod Distributor. ANACONDA Weldu Rod a i) 


Just off the press! 


A new arc welding machine catalog — 


Welders for AC, DC, gas engine operation 


—capacities of 100 to 500 amperes. 


Here, at last, is a helpful booklet that gives you complete data 
on all Airco arc welders — the machines with the stinger that 
penetrates. Divided into easy-to-read sections, you can quickly 
deterrnine the welder suited to your production or maintenance job. 

This booklet is handy, useful, bringing you a wealth of infor- 
mation covering design, distinctive features, specifications, power 
requirements, electrical characteristics, and outstanding opera- 
tional qualities of each welder in the entire Airco line. 

To give you some idea of the amount of material covered by 
this definitive booklet, here are a few of the many welders 
covered. 

e “Bumblebee” and MCT — Transformer AC Arc Welding Machines 

“Hornet” 36A and ‘’Wasp’’ — DC Arc Welding Machines 

“Yellow Jacket’ Gas-Engine Driven Arc Welders 


e@ Customer-Assembled Gas Engine Sets 


See this booklet yourself . . . send for it today. Just fill in the 
coupon below for your free copy. 


Air REDUCTION 


Offices in Principal Cities 
Air Reduction Sales Company: Air Reduction Magnolia 
Company - Air Reduction Pacific Company 
Divisions of Air Reduction Company, !tncorporated 


Headquarters for Oxygen, Acetylene and Other Gases... Carbide... Gas Cutting Machines 
Gas Welding Apparatus and Supplies... Arc Welders, E'ectrodes and Accessories 


Send for this 
FREE catalog today! 


Air Reduction Sales Company 


60 East 42nd Street 
New York 17, N.Y 


Please send me a copy of your NEW Are Welding 
Machine Catalog No. 8. 
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